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Driven by climate change and scarcity of resources, resource management has become 
crucial for urban sustainability worldwide. There is an increasing interest in urban 
metabolism as a concept as it enables researchers to identify environment-related 
deficiencies in urban systems. The existing literature on urban metabolism studies shows 
a huge gap for such studies in the Global South. This gap is addressed in this thesis by 
employing the urban metabolism framework to better understand complex issues 
regarding the resource management system of Cairo Governorate (Egypt), an example 
of a rapidly urbanizing city in the Global South. This research was guided by a mixed 
methods approach to gain an in depth understanding of the barriers and drivers of 
resource management of the case study and to overcome the lack of reliable data. The 
findings of this study show that the flow of resources of Cairo Governorate are primarily 
linear flows. Cairo Governorate mainly relies on primary resources (inputs of cities: such 
as fossil fuels and fresh drinking water) and secondary resources (outputs of cities: such 
as solid waste and wastewater) are not used efficiently to feed them back into the city 
and develop circular flows. Sludge-to-energy and waste-to-energy projects, and the 
utilization of greywater present a huge potential for Cairo’s urban sustainability. The 
nature of urban form, the existing infrastructure, lack of an integrated sustainable waste 
management system, subsidies of primary resources, informal settlements and illegal 
connections, public behaviour, and the technical, financial and institutional capacities 
have a huge impact on the quality and the losses of the flow of resources of Cairo 
Governorate and the expansion of renewable energy projects. The outcome of this study 
indicates that the key challenge of resource management in developing countries is the 
lack of a comprehensive understanding of the interplay and interdependencies between 
resources and various flows. This study confirms the importance of understanding the 
flow of resources, the existing urban carrying capacity of cities and the limits of urban 
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1 Chapter One: Introduction 
 Urbanization and resource management 
In 1950, more than 70% of the world’s population lived in rural areas and the rest 
of the population lived in urban areas (United Nations, 2019). The industrial 
revolution had a major impact on the distribution of the world’s population 
(Goudie, 2019). Technological developments and mass production at that time 
freed many families from farming and occupations shifted increasingly to the 
industrial sector (David et al., 2010). The development of transportation improved 
the movement of people, resources, and products from one place to another 
(Cuddihy et al., 2005). Economic and social growth, specifically in developed 
nations, improved the quality of life in urban areas. Many families since have 
continued to move to urban settlements seeking better job opportunities and 
social services.  
For the first time in history, the percentage of the urban population exceeded the 
rural population in 2007 (United Nations, 2014). The United Nations (2016d) 
report shows that the urban population will continue to grow and is projected to 
reach seventy per cent within the next thirty years which presents a significant 
challenge. Yet the urbanization process is spread in highly uneven ways, being 
particularly concentrated in the Global South and in particular city-regions. The 
number of megacities will reach 41 by 2030, of which 27 will be located in the 
Global South (United Nations, 2016d). The continuous growth of urbanization will 
add more pressure on cities specifically the ones located in the Global South as 
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the natural growth rate and the average annual urbanization growth rate are 
much higher than the Global North. 
Although cities occupy only 2% of the world’s land, they generate 70% of 
the world’s GDP, but they also consume 60% of the global energy, produce 70% 
greenhouse gas emissions and 70% of the global waste (United Nations, 2016a). 
Cities consume most of the world’s resources and cause massive environmental 
impacts that extend beyond their boundaries. ‘Cities can make a significant 
contribution to the global sustainability challenges if they were managed and 
developed in a way that grew in harmony with nature’ (United Nations, 2016a). 
This requires an understanding of the particular characteristics of cities, how they 
grow and interact with their local and surrounding environment, and the impacts 
they have. Driven by the global concern to mitigate climate change, greenhouse 
gas emissions, and pollution levels, resource management is vital to building 
sustainable societies worldwide especially in developing countries. Developing 
countries1 should not follow the same approach of developed nations in 
managing and developing their countries. Cities should ‘avoid a one-size-fits-all 
approach’ (United Nations, 2016a). 
Middle and low-income countries in Africa and Asia are experiencing rapid 
and uncontrolled growth of urban populations and land use without parallel social 
and economic growth, hampering the ability of these cities to absorb these growth 
pressures (United Nations, 2014). Additionally, developing countries are building 
their own economies in the era of resources scarcity and climate change. Both 
 
1 “Developing country” and “Global South” are used in this study interchangeably. These terms 
refer to the less developed countries that are located in the southern hemisphere. 
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present considerable challenges for urban sustainability in the Global South. A 
huge amount of resources are required for expanding existing cities and building 
new cities with sufficient infrastructure. In parallel, greenhouse gas emissions, 
wastewater and all types of waste are rapidly increasing causing massive 
environmental impacts.  
Resource management is crucial for these countries to reduce the use of 
primary resources (such as fossil fuels) and environmental impacts, and 
maximize the use of renewable energy and secondary resources (such as solid 
waste and wastewater). Resource management requires quantifying, assessing, 
and controlling the flow of materials and energy resources (Kennedy and 
Hoornweg, 2012). The major challenges of such studies in the Global South’s 
cities are the difficulty of tracking the flow of materials due to the uncontrolled 
growth of cities, the lack of reliable data at the city level, and the methods of data 
collection are inconsistent (Currie and Musango, 2017). 
1.2 Case study: Cairo, Egypt 
The focus of this study is how to develop strategies to improve resource 
management in Cairo Governorate, as an example of a rapidly urbanizing Global 
South city and to understand the potential limits to the uptake of these strategies 
arising from governance issues. Egypt has the highest population in North Africa 
and the Middle East (see Figure 1-1). Cairo Governorate is the largest 
Governorate in Egypt, with a population of 10 million inhabitants. It is located at 
the heart of Greater Cairo Region of more than 20 million inhabitants (CAPMAS, 
2019), which represents almost a quarter of Egypt’s population of 98 million 
inhabitants and almost half of the country’s urban population (see Figures 1-2 
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and 1-3). The Greater Cairo Region is the world’s sixth-largest megacity and is 
projected to be the fifth by 2030 (United Nations, 2018).  
 
Figure 1-1: Population growth in MENA region (United Nations, 2015c). 
 
Figure 1-2: Map of Egypt (United Nations, Department of Field Support 
Cartographic Section, 2012). 
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Figure 1-3: Map of Cairo Governorate (Google Maps, 2019). 
As a developing country, Egypt is facing massive challenges due to the 
rapid population growth and the reduction of agricultural production. The growth 
of urbanization and industrialization have proceeded largely without 
environmental controls, creating severe pollution problems (Abdel Wahaab, 
2003; Kanakidou et al., 2011). National and local authorities in Egypt face 
complex challenges in providing basic and adequate services (United Cities and 
Local Governments (UCLG), 2014). 
There is a wide range of different types of buildings in Cairo Governorate, 
including large blocks and multi-storey, many of which are unregulated and 
unplanned. These are difficult to monitor in terms of future growth and municipal 
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services. One critical issue is the lack of accurate data on consumption and 
efficiency of resources in these settlements despite this section being so large. 
This is a major challenge in Cairo Governorate, and forms a significant focus in 
this study and is discussed later.   
The consequences of the uncontrolled growth of urbanization have been 
a persistent shortage of housing, the growth of informal settlements, increased 
waste production and use of resources. These pressures taken together have 
added considerable pressure on the country’s fragile infrastructure, exacerbated 
social inequalities, and further degraded environmental quality leading to 
unsustainable development. 
Informal areas are residential areas where 1) inhabitants have no security 
of tenure vis-à-vis the land or dwellings they inhabit (they do not own the 
land), with modalities ranging from squatting to informal rental housing, 2) 
the neighbourhoods usually lack, or are cut off from, basic services and 
city infrastructure and 3) the housing may not comply with current planning 
and building regulations, and is often situated in geographically and 
environmentally hazardous areas2 (UN-Habitat, 2015, p.1). 
The Egyptian government redefined informal settlements in Egypt as unsafe 
areas and unplanned areas (Khalifa, 2011). This attempt was to identify informal 
settlements that require immediate actions for the unsafe areas and medium and 
long-term strategies for the unplanned areas as the living conditions in the unsafe 
 
2 Derived from UN-Habitat (2003), The Challenge of Slums; UN-Habitat (2013), The State of the 
World Cities Report 2012/13. Refer to Issue Paper No. 9 on Land for ‘security of tenure’ definition 
(UN-Habitat, 2015, p.1). 
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areas could be life-threatening while the unplanned areas do not comply with the 
planning and building regulations (Khalifa, 2011). 
A shortage of water is one of Egypt’s most serious challenges. The annual 
share of renewable water per capita reached 1000m3 in 1997, and this is the 
baseline of the water scarcity according to the Falkenmark Water Stress Indicator 
(NWRP, 2017). In 2015, the annual share of renewable water per capita dropped 
to 658m3 due to the rapid population growth and the scarcity of water resources 
(NWRP, 2017). The River Nile is the main source of renewable surface water in 
Egypt. The share of Egypt is 55.5 billion m3y-1, this share has been fixed since 
1959 when the High Dam was constructed (Wahba et al., 2018). It is predicted 
that the impacts of climate change will be drastic on the Nile Basin (UNDP, 2020). 
The gap between the supply and demand of water resources is increasing; the 
population is rapidly increasing and the water supply is threatened by impacts of 
climate change (UNDP, 2020; Ahmadi et al., 2020). By 2037, the annual share of 
renewable water per capita is expected to fall by 35% compared to 2015 (NWRP, 
2017). 
The energy profile of Egypt shows that it depends on two types of 
conventional energy resources, natural gas and oil. Despite the potential of 
renewable energy resources, their share does not exceed 8% of which 7% is 
hydropower and 1% is all other renewables (CAPMAS, 2017). The consumption 
of natural gas and oil is increasing, transforming Egypt from a net export to a net 
import country (Ibrahim, 2012). This transformation will affect the flow of foreign 
currency in the future, which is necessary for importing other essential materials 
(EIA, 2015). Recent reports have indicated that the production of natural gas 
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started to increase once more due to new discoveries. However, energy 
production should not depend on one source of energy to guarantee sustainable 
growth (Mandelli et al., 2014). Egypt, like the majority of African countries, 
depends on fossil fuels with minimal exploitation of renewable energy resources. 
This is despite the huge potential of renewable energy resources in most of 
African countries (Mandelli et al., 2014). 
The government is facing another problem as the electricity generation 
increased by 500% between 1981 and 2005 due to urbanization, industrial 
development and the increasing demand for housing and construction (Ibrahim, 
2012). Additionally, electricity blackouts are common in Egypt because of its 
ageing infrastructure and the growing gap between supply and demand (BMI, 
2015).  
Egypt generates more than 57,000 tonnes of municipal solid waste every 
day (Zaki et al., 2013). The collection coverage in rural areas varies from 0-30% 
and 50-65% in urban areas (SWEEP-Net, 2014). Most of the generated waste is 
openly dumped (80-88%), only 10-15% is recycled and the rest is composted or 
landfilled (Zaki et al., 2013). Cairo Governorate generates more than 15,000 
tonnes of solid waste every day and the average collection coverage is 
approximately 70% (Zaki et al., 2013). The high proportion of openly dumped 
waste is an issue of concern for public health and the amount of resources 
wasted. It follows that without intervention this is only set to increase with further 
unchecked population growth and a finite area of land. 
The collection coverage in Cairo Governorate is higher than other parts of 
the country but uncollected solid waste is still thrown in the streets without 
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treatment. Municipal solid waste is managed by formal (NGOs, international 
companies, and private companies) and informal sectors (such as Cairo’s 
informal garbage collectors El-Zabbaleen). The overall performance of both 
formal and informal sectors is inefficient due to the absence of various essential 
elements: accurate data for measuring municipal solid waste (MSW) 
composition; source separation; public awareness; and a clear policy and a legal 
framework for waste management (SWEEP-Net, 2014). The lack of a proper 
waste management system is causing serious environmental and health 
problems in Cairo and the whole country. 
Like many other countries in the Global South, resource management is 
considered a massive challenge for the sustainable urban development of Egypt. 
Better understanding of complex issues in resource management, and the 
characteristics of individual cities, countries or regions is necessary: 
§ to create robust urban sustainability strategies, 
§ to reduce the environmental impacts of urbanization, 
§ and to achieve the Sustainable Development Goals (SDGs). 
1.3 Research aim, objectives and questions 
1.3.1 Research aim 
This study aims to explore the challenges of resource management for urban 
sustainability in the Global South. Cairo Governorate, an example of a rapidly 
urbanizing Global South city, was selected as a case study, to better understand 
complex issues in resource management. The rapid growth of population, 
urbanization and economic growth associated with the increasing demand for 
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energy and water resources, and the generation of solid waste present 
considerable challenges for urban sustainability in Cairo Governorate.  
1.3.2 Research objectives 
The following objectives were identified to fulfil the aim of this research: 
§ The first objective: to outline the potential for measuring the flow of materials 
for the creation of robust urban sustainability strategies for a fast-growing 
city, Cairo Governorate, the capital of Egypt. 
§ The second objective: to test the suitability and applicability of an existing 
tool to understand the unique characteristics of Cairo Governorate, drivers 
and barriers to sustainable resource management. 
1.3.3 Research questions 
§ RQ 1: What are the main characteristics of Cairo Governorate (case study) 
that affect the flow of materials (energy, electricity, water, solid waste, and 
wastewater)? 
§ RQ 2: Does the “multi-layered indicator set” that was developed by Kennedy 
et al. (2014) work in the context of Cairo Governorate? 
§ RQ 3: How is the flow of materials (energy, electricity, water, solid waste, 
and wastewater) in Cairo Governorate related to its sustainability 
performance? 
§ RQ 4: What institutional, economic, and social factors explain the nature 
and quality of Cairo’s sustainability performance? 
The first question aims to identify the unique characteristics of Cairo Governorate 
that have a great impact on the flow of resources (energy, electricity, water, solid 
waste, and wastewater). The second question aims to test the applicability of an 
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existing urban metabolism tool that was developed by Kennedy et al. (2014) to 
assess the flow of materials of the world’s megacities in the context of Cairo 
Governorate. This is important because Cairo Governorate includes informal 
areas which were absent from Kennedy et al.’s study (2014). This makes such 
studies more complicated due to the difficulty of measuring and tracking the flow 
of resources (this is further explained in Chapter 2). The third question aims to 
reveal the effect of the flow of resources on the performance of Cairo Governorate 
towards sustainable development and achieving the Sustainable Development 
Goals (SDGs). The fourth question aims to identify the institutional, economic, 
and social factors that determine the nature and quality of the progress of Cairo 
towards sustainable development.  
1.4 Thesis overview 
This thesis consists of nine chapters. Chapter 1 explains urbanization and the 
importance of resource management for urban sustainability in the Global South. 
The major challenges of resource management in Egypt and the case study Cairo 
Governorate are introduced. The research aims, objectives and questions for this 
study are presented.    
Chapter 2 is divided into two sections. The first section introduces the 
background of the study by explaining urbanization and the growth of cities and 
megacities, and comparing the trends of urbanization in the Global North and the 
Global South. The second section reviews the existing literature to explore 
sustainability concepts, specifically the ones focusing on resource management. 
Chapter 3 presents the research design and approach. The existing multi-
layered indicator set (developed Kennedy et al., 2014) that is customized to fit in 
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the informal context of the urban settlements in developing countries is described. 
The research used two principal data gathering methods: 1) a quantitative data 
collection to fill the customized multi-layered indicator set; and 2) qualitative 
interviews with representatives from public authorities to explore the drivers and 
barriers to resource management and site visits to study the physical 
environment that affects and results from the flow of materials in Cairo.  
Chapter 4 presents the first two layers of the multi-layered indicator set 
that includes the population and the biophysical characteristics of Cairo 
Governorate, Giza, Qalyubia and Egypt. It includes the results and analysis of 
the primary data (semi-structured interviews and site visits) and secondary data 
(from official statistics, published reports and previous studies). 
Chapters 5, 6, and 7 present the layers of information that are relevant to 
the energy sector in Chapter 5, water and wastewater sectors in Chapter 6 and 
the solid waste sector in Chapter 7. The structure of these three chapters is 
similar. They include the numerical data that was collected for the multi-layered 
indicator set, merged and analysed with the primary data of the semi-structured 
interviews with representatives from each sector and the site visits. This structure 
was chosen to gain a better in-depth understanding of each sector. 
Chapter 8 presents the key findings of the study and how the research 
objectives and questions are addressed. It evaluates the potential and limitations 
of employing the urban metabolism framework to gain a better understanding of 
the characteristics of cities in developing countries and the drivers, and barriers 
to sustainable resource management.  
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Chapter 9 includes the conclusion of the study and recommendations for 
future studies.  
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2 Chapter Two: Background and literature review 
2.1 Introduction 
This chapter is divided into two sections. The first section introduces the 
background of the study by explaining urbanization and the growth of cities and 
megacities, and comparing the trends of urbanization in the Global North and the 
Global South. Additionally, the environmental impacts of rapidly urbanizing cities 
and the inefficient use of resources are explained for cities in the Global South. 
The second section reviews the existing literature to explore sustainability 
concepts, specifically the ones focusing on resource management. Previous 
urban metabolism and urban harvest studies are critically reviewed to determine 
the methods and tools that have been developed to quantify and assess the flow 
of materials, and how the lack of reliable data is addressed. Previous studies are 
classified according to the location of the case studies (international studies, 
developed nations, developing countries, Africa, and Egypt). The purpose of this 
classification is to identify the gap in the literature that this study attempts to 
address. Reviewing the existing literature on urban metabolism and material flow 
analysis indicated that most of the case studies are of cities in the Global North 
and China, and very few cases are explored in the Global South, specifically in 
Africa. This study attempts to address this gap by using the urban metabolism 
framework and an existing tool to better understand complex issues in resource 




2.2.1 Urbanization and growth of cities and megacities 
‘By 2050 the urban population will reach 70%, making urbanization one of the 
21st century’s most transformative trends, intensifying its social, economic, 
political, cultural, environmental challenges and opportunities’ (United Nations, 
2016a, p.3). Despite this overall growth, the urbanization process is spread in 
highly uneven ways, being particularly concentrated in the Global South and in 
particular city-regions. Hence, the number of megacities is expected to reach 41 
by 2030, of which 27 will be in developing countries (United Nations, 2014) (see 
Figure 2-1).  
 
Figure 2-1: United Nations Urbanization Prospects, the 2014 Revision (United 
Nations, 2014). 
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Global urbanization is driven by the growth of all types of cities including 
large cities (5 to 10 million inhabitants), medium-sized cities (1 to 5 million), cities 
of 500,000 to 1 million and urban areas less than 500,000 inhabitants (United 
Nations, 2014) as shown in Figure 2-2.  
 
Figure 2-2: Global urban population growth is driven by the growth of cities of all 
sizes (United Nations, 2014). 
Although cities occupy only 2% of the world’s land, they generate more 
than 80% of the world’s GDP (United Nations, 2016a). Alongside this wealth 
creation, is also pollution generation with cities generating considerably greater 
pollution and resource consumption than other types of human settlements 
(Mavropoulos, 2010). The effective management of the growth of such urban 
areas is hence an important corollary for achieving global sustainability. The 
current response to the various social and political challenges associated with 
such growth pressures is to double down on economic growth strategies, 
exacerbating urban unsustainability and worsening the quality for people living in 
such places, or to ignore the needs of people living on the edge of such 
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settlements. Political turbulence in North Africa and the Middle East in 2011 was 
in part a consequence of such inequalities. The need to develop pathways to 
sustainability that are socially inclusive needs to be an essential part of urban 
sustainable development strategies. 
While cities in the Global North developed in the context of industrial 
society, their counterparts in the Global South cannot follow a similar path.3 
However, what path they should follow is not easily identified. The recent United 
Nations’ Urban Agenda states that cities should avoid a one-size-fits-all approach 
to achieve urban sustainability (United Nations, 2016a). While there are 
significant macro-economic and political elements, which will be necessary pillars 
of successful urban sustainability, the focus here is on the technological aspects 
of urban sustainability, as well as the socio-cultural acceptability of potential 
innovations. The latter is important, as while many advanced technologies, 
projects and management systems have been transferred from developed 
nations to developing countries, and have been successful, significant cultural 
and social barriers have hampered the expansion and success of such projects. 
2.2.2 Trends of urbanization in developed nations and the Global South 
Historically most of the urban population was concentrated in areas associated 
with rapid economic development and social transformations (United Nations, 
2014). This economic growth enabled these areas to expand their capacity to 
provide job opportunities, housing, health, education, infrastructure, and social 
services. Since 1950, the rate of growth of cities in the Global North has slowed. 
Rapid urban population growth is nowadays located in middle and low-income 
 
3 Although the trade-off between growth now and sustainability for future generations is not easily 
resolved (see Catney and Doyle, 2011). 
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countries in Africa and Asia, though without the necessary economic growth to 
absorb such pressures (see Figure 2-3). This has created considerable ‘growing 
pains’ with developing countries struggling to cope with the pressures that are 
particularly located on major city-regions.  
 
Figure 2-3: Urban trends by world regions 1950-2050 (United Nations, 2013b). 
The world’s megacities in 2014 are presented in Table 2-1. This table 
includes the ranking of the world’s megacities in 2014 and the projected ranking 
in 2030 based on population size. This comparison shows that the ranking of the 
world’s megacities is rapidly changing and that most of the world’s megacities will 
be located in the Global South. This is due to the high average annual rates of 
change (per cent) of the megacities that are located in the Global South 
compared to the low average annual rates of change (per cent) of the megacities 

































































The United Nations report “The World’s Cities” identified the world’s 
megacities in 2016 and the expected megacities by 2030 (see Table 2-2) (United 
Nations, 2016d). This table shows that the number of megacities reached 31 in 
2016 and that the ranking of the world’s megacities is also changing rapidly 
compared to the ranking of 2014. The ranking of the megacities that are located 
in the Global South are moving towards the top of the ranking and the ranking of 
the megacities that are located in the Global North are falling back.  




2.2.3 Challenges of urbanization in the Global South 
The rapid growth of urbanization is usually associated with a massive growth of 
waste. At present, the world's cities produce 1.3 billion tonnes of municipal solid 
waste (MSW) and by 2025 it is expected that the waste products of the world’s 
cities will reach 2.2 billion tonnes (Hoornweg and Bhada-Tata, 2012). Most of the 
waste generation increase will be in lower-middle-income countries where most 
of the megacities will be located in the future (Figures 2-4 and 2-5).  
 




Figure 2-5: Urban waste generation by income level and year (Hoornweg and 
Bhada-Tata, 2012). 
Municipalities in the Global South are facing tremendous challenges to manage 
the growth of waste and they usually fail to have appropriate waste management 
systems. They also experience difficulties in obtaining reliable data (Wilson et al., 
2013). The average municipal solid waste collection in lower and lower-middle-
income countries is 55% while in high-income countries it reaches 100% (Wilson 
et al., 2013). The municipal solid waste composition differs from one country to 
another based on the income level as shown in Figure 2-6. Organic waste 
represents 65% of total municipal solid waste in low-income countries and 30% 
in high-income countries. A successful waste management system should 
consider waste composition to provide the most suitable equipment and 
treatment. For example, Wilson et al. (2013) shed light on the potential of 
upgrading organic waste by anaerobic digestion to produce biogas in low-income 
countries. However, solid waste must be split into at least two categories: wet 
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(organic waste) and dry (such as glass, metal and cardboard) for the treatment 
of organic waste in developing countries. In addition to the physical and technical 
aspects, the governance, socio-cultural, economic and environmental aspects 
need to be considered in order to provide tailored integrated sustainable waste 
management systems that fit in the place where they are being developed 
(Wilson et al., 2013). Failure to account for the governance context in part 
explains the failure of many waste management projects in developing countries 
that transplanted models from Global North to the Global South countries without 
sufficiently taking contextual factors into consideration.  
 
Figure 2-6: Composition of municipal solid waste (MSW) by national income 
(UNEP, 2011). 
Megacities emit massive amounts of pollution, which is evident in densely 
populated cities; these emissions have a local effect and can transfer thousands 
of kilometres away from the source (Baklanov et al., 2016). Emissions of 
megacities are variable; for example, in developed countries emissions are 
mainly released from road use and transportation while in developing countries 
from residential (cooking and heating) and biomass burning.  
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Baklanov et al. (2016) outlined some of the mitigation strategies that were 
developed to reduce the emissions of megacities in developed nations. For 
example, developed nations shifted many of their industrial activities to 
developing countries, implemented air quality management programmes and 
used advanced technologies to monitor and reduce emissions. For developing 
countries, Baklanov et al. (2016) outlined the successful improvements of air 
quality in Mexico by developing and implementing air quality management 
programmes such as capturing biogas, waste management projects, improving 
public transportation and sustainable housing projects. Altogether these reduced 
the amount of emissions. The mitigation strategies that were developed in Mexico 
to reduce its environmental impacts set a good example for other cities in the 
Global South that face similar challenges.  
Facchini et al. (2017) used a multi-layered perspective to assess and 
compare the resource consumption (including energy and water consumption) 
and waste generation of the world’s 27 megacities. Figure 2-7 shows the share 
of metabolic flows as a percentage of the total resources consumed in the 27 
megacities. The outcome of this comparison shows that cities with equal GDP do 
not have equal resource consumption and cities with high population and low 
GDP do not have the highest resource consumption. The energy consumption of 
megacities in developing countries (including Delhi and Cairo) is less than the 
energy consumption of megacities in developed nations (Facchini et al., 2017). 
The electricity generation mix in developed cities usually includes different types 
of energy resources (renewable and non-renewable) while in developing 
countries it usually consists of one or two types of energy (Facchini et al., 2017). 
Despite the significant potential of renewable energy resources in most 
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developing countries, they mainly rely on fossil fuels for their energy needs, most 
of which is used in the residential sector (Khoury et al., 2016). The lack of 
finances, poor regulations, clear policies and legal frameworks, and corruption in 
some governments prevent the development of renewable energy projects 
(Khoury et al., 2016). It is important to note here that the energy mix of Egypt 
consists of two types of non-renewable energy resources: natural gas and oil with 
a small share of renewable energy. 
 
Figure 2-7: Overview of the metabolic flows of megacities ranked by descending 
GDP share4 (Facchini et al., 2017, p.89). 
Facchini et al. (2017) showed that the inefficient use of resources in developing 
countries is causing high levels of pollution and that these are expected to 
increase in the future due to urbanization and the increased generation of solid 
waste. Additionally, more resources will be required to increase the capacity of 
 
4 The shaded area in background reflects the share of population (Facchini et al., 2017, p.89). 
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existing cities and to build new cities to absorb the projected urbanization in 
developing countries. Driven by the scarcity of resources and climate change, 
resource management became a global concern to ensure sustainable growth of 
cities worldwide and specifically in the Global South where most urbanization will 
take place in the future. 
2.3 Literature review 
This section provides an introduction to the field of sustainability science and 
explains why this thesis contributes to this emerging field. This is followed by an 
overview of the most recent studies on the urban carrying capacity of cities and 
sustainable resource management. A wide range of existing literature was 
reviewed to identify resource management concepts and the methods developed 
and used to quantify and assess the flow of materials at different scales (local, 
city, country or region). Moreover, challenges and limitations for conducting such 
studies were explored. 
2.3.1 Sustainability and urbanization 
Sustainability is the “end goal” of sustainable development while sustainable 
development is the road or pathways to achieve it (Hector et al., 2014). The 
Brundtland Commission (WCED 1987) defined sustainable development as 
‘development that meets the needs of the present without compromising the 
ability of future generations to meet their own needs’ (World Commission on 
Environment and Development WCED, and Brundtland, 1987, p.8). The WCED 
gained worldwide support for its argument that development must ensure the 
coexistence of economy and the environment by comprising environmental, 
economic and social pillars, however, this concept is subject to criticism on many 
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grounds, especially for its ambiguity and the lack of tangible operationalisation 
(Jerneck et al., 2010; Komiyama and Takeuchi, 2006). The United Nations 
introduced the 2030 Agenda “Transforming our World: the 2030 Agenda for 
Sustainable Development” including the Sustainable Development Goals (17 
goals and 169 targets) in 2015 to address challenges of sustainable development 
that have emerged since the adoption of the Millennium Development Goals 
(MDGs) in 2000 (United Nations, 2016a; United Nations, 2015b). Although the 
MDGs were based on the United Nations Agenda 21 that emphasized on the 
interlinkages of the social, economic and environmental dimensions of 
sustainable development, the implementation process of the agenda and goals, 
arguably did not occur in the integrated way that was anticipated (United Nations, 
2013a). The MDGs have achieved some improvements in the quality of lives for 
millions but failed to address other emerging challenges such as environmental 
degradation, increased poverty and inequalities (United Nations, 2016b). The 
United Nations developed the SDGs to address these gaps. Despite that the 
SDGs are meant to be integrated, invisible and balance the three dimensions of 
sustainable development and provide means of implementation among some of 
its targets. Stafford-Smith et al. (2017) argue that these implementation targets 
are extremely vague about interlinkages and interdependencies among goals. 
They suggest that further attention to these interlinkages should be made by 
focusing on three areas: across sectors (such as energy, transport, agriculture 
and technology); across societal actors (such as local authorities, government 
agencies, private sectors and civil societies); and finally between low, middle, and 
high-income countries. Despite the arguments around the SDGs and means of 
implementation, the SDGs encouraged many governments to find ways to 
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evaluate or measure cities’ performance and improvements towards sustainable 
development (Papaioannou, 2013). However, cities are still facing tremendous 
challenges and struggling to achieve sustainability. 
Populations, economic activities, social and cultural interactions, as well 
as environmental and humanitarian impacts, are increasingly 
concentrated in cities, and this poses massive sustainability challenges in 
terms of housing, infrastructure, basic services, food security, health, 
education, decent jobs, safety and natural resources, among others 
(United Nations, 2016a, p.3).  
Despite the fact that urban areas provide better access to basic services, job 
opportunities, education, production of knowledge and wealth, they are also a 
source of high levels of pollution, carbon emissions, resources depletion, social 
exclusion and environmental degradation (Seto et al., 2017). Unplanned 
urbanization ruins these benefits and causes major threats for sustainability such 
as biodiversity loss, resource and energy-intensive consumption patterns, and 
high levels of pollution and carbon emissions (UN-Habitat, 2020). Conversely, 
well-planned urbanization provides opportunities to address these challenges 
and contribute to environmental value through energy innovation, sustainable 
settlement patterns, changes in human behaviour and lifestyles, environment-
related improvements to health and wellbeing, and resource efficiencies (UN-
Habitat, 2020). This shows that ‘urbanization and cities will be either key 
components to the transition to sustainability or major threats to sustainability’ 
(Seto et al., 2017, p.8935). Addressing sustainability challenges arising from 
unplanned urbanization and unsustainable cities is fundamental for transforming 
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them into powerful tools for local and global sustainable development including 
developed and developing countries. Sustainability challenges are often known 
as:  
wicked problems because they are the result of interdependencies 
between societal, economic, environmental and cultural drivers that lead 
to dynamic and mutual reinforcement with causes and effects at many 
geographic and temporal scales (UNESDOC, 2017, p.1). 
Understanding the causes of these problems and identifying suitable solutions 
are difficult due to complex interdependencies, knowledge is often incomplete, 
contradictory, and rapidly changing (Jerneck et al., 2010; UNESDOC, 2017). 
Addressing one of these wicked problems could end up creating more complex 
problems or could worsen existing ones (Jerneck et al., 2010; UNESDOC, 2017). 
Sustainability challenges are complex, deeply interconnected and require holistic 
approaches and integrated solutions across scales and domains (Jerneck et al., 
2010; Kates et al., 2001).  
Komiyama and Takeuchi (2006) point out two main problems that hamper 
the ability to deal with sustainability issues: First, the complex nature of 
sustainability challenges that are caused by multiple factors arising from the 
interaction of the human, social and global systems (see Figure 2-8); Secondly, 
the field of study that seeks to address these wicked problems. There is no single 
discipline that could identify the causes of such complex problems and provide 
integrated solutions to address them (Jerneck et al., 2010; Komiyama and 
Takeuchi, 2006). Sustainability science is an emerging field of study that is based 
on the concept of sustainable development and it is:  
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usually defined as a discipline that points the way toward a sustainable 
society’ as it ‘adopts a comprehensive, holistic approach to the 
identification of problems and perspectives involving the sustainability of 
the global, social, and human systems (Komiyama and Takeuchi, 2006, 
p.3).  
The main aim of sustainability science is to protect and improve the sustainability 
of the social, human and global systems by understanding the interactions and 
relationships among these systems and providing comprehensive solutions for 
sustainability challenges (Komiyama and Takeuchi, 2006). Sustainability science 
‘seeks to understand the fundamental character of interactions between nature 
and society to meet the needs of society whilst protecting the life support systems 
of the planet’ (Kates et al., 2001, p.641). 
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Figure 2-8: Addressing sustainability science through the lens of three systems, 
and the linkages among them (Komiyama and Takeuchi, 2006). 
Sustainability science includes different systems (human, social and 
global) in its specialization and addresses problems that involve different 
elements from science and technology, politics and human behaviour (Komiyama 
and Takeuchi, 2006). For these reasons, sustainability science bridges the 
natural and social sciences to fill the gap in knowledge of existing disciplines in 
order to create solutions for complex sustainability challenges (Jerneck et al., 
2010; Komiyama and Takeuchi, 2006). In sustainability science, interdisciplinary 
groups of researchers engage in transdisciplinary processes in order to construct 
frameworks where individual researchers from different disciplines will add 
indicators and measurable standards related to sustainability and conduct 
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problem-solving research to shift research from problem identification to problem-
solving (Jerneck et al., 2010; Komiyama and Takeuchi, 2006). Understanding the 
conditions that created sustainability challenges is also important as a first step 
in problem-solving research (Jerneck et al., 2010). Organizing and integrating 
knowledge of diverse disciplines strengthens the development of policies and 
strategies that are required for achieving sustainability transitions. 
For knowledge structuring, Jerneck et al. (2010) proposed a three-
dimensional matrix to approach sustainability challenges. The matrix includes 
three sections: a set of sustainability challenges that need to be addressed (this 
section could include any set of sustainability challenges such as water scarcity, 
biodiversity loss, land-use change and climate change); three core themes 
(scientific understanding of social-ecological systems, sustainability goals, and 
sustainability strategies, pathways and implementation); and two overarching 
approaches: problem-solving and critical research approaches (Jerneck et al., 
2010). Four research theories have been developed to understand social-
ecological systems: 1) earth system analysis deals with the natural world from a 
natural scientific perspective, 2) the world system dynamics metaphor of unequal 
exchange deals with the world system from a sociological perspective, both 
theories aim to explain and describe global processes, 3) resilience of coupled 
social-ecological systems, 4) material flow analysis of various cycles, both 
theories operate within well-defined systems (ibid). Among all these theories, the 
ecological footprint and material flow analysis are critically important to the topic 
of sustainability (ibid). Ecological footprint assessment ‘uses yields of primary 
products (from cropland, forest, grazing land, and fisheries) to calculate the area 
necessary to support a given activity’ (Ferrão and Fernández, 2013, p.12) or ‘it 
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converts a population’s resource consumption into a single indicator of how much 
land area is needed to sustain that population indefinitely’ (Musango et al., 2017, 
p.10). Material flow analysis is ‘used to characterize the material flows that enter, 
accumulate, and leave a given economy during a period of time, it quantifies 
resource flows by physical weight or volume’ (Ferrão and Fernández, 2013, p.12; 
Musango et al., 2017, p.9). Although, there are many other theories and 
approaches (each has its advantages and disadvantages) that are emerging from 
different disciplines (such as industrial ecology, resilience theory, transition 
theory and world-system analysis) to bridge the gap between the natural and 
social sciences, yet variations in ontology and epistemology is challenging for the 
integration of knowledge among scientific disciplines (Feyerabend, 1991; 
Jerneck et al., 2010). Methodology is important in sustainability science, as many 
methods are strongly linked to specific methodologies, while techniques or tools 
are more flexible and could assist researchers in developing conceptual 
frameworks with high scientific standards (Jerneck et al., 2010; Ness et al. 2010). 
Furthermore, Miller et al. (2013b) revealed that the socio-technical change is not 
yet investigated in sustainability science, although it is crucial for sustainability 
transitions as transition management and governance explore policies and 
procedures that could assist in guiding emerging transitions towards more 
sustainable pathways.  
This thesis uses the lens of sustainability science by employing a holistic 
framework and customizes an existing tool to identify complex issues regarding 
resource management in Cairo Governorate and their causes to provide solutions 
for policy and decision-makers that could assist in addressing sustainability 
challenges. 
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2.3.2 Sustainable urban development and the urban carrying capacity 
Developing countries are struggling to cope with the consequences of rapid 
urbanization. Urbanization is exceeding the urban carrying capacity of cities in 
developing countries and is impeding cities from achieving sustainability goals. 
There is limited literature that describes the concept of urban carrying capacity 
(UCC). It provides an important guide and indicator for sustainable urban 
development (Wei et al., 2015).  
 Urban carrying capacity in general consists of two parts; the natural 
system and man-made components of a given urban area, which should 
adequately meet the human demands and retain within a limit for urban 
development, beyond which instability, degradation, or irreversible 
damage may result (Wei et al., 2015, p.65; Godschalk and Parker, 1975; 
Joardar, 1996; Oh et al., 2005).  
Wei et al. (2015, p.65) defined urban carrying capacity as ‘the limit of urban 
development from environmental impacts and natural resources, infrastructure 
and urban services, public perception, institution setting, and society supporting 
capacity.’ Equation (1) describes the relationship between the urban carrying 
capacity (UCC) and its components (Wei et al., 2015) (see Figure 2-9). The value 
of UCC is not fixed; it differs from one place to another because it depends on 
the interaction between its elements as shown in Figure 2-9. The components of 
the UCC are variable for example: the environmental impact is changeable 
because it is based on the nature of human activities and waste production in a 
particular place; the availability and types of natural resources are different; and 
capacity of infrastructure varies from one place to another.  
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Equation 1: 
UCC = ƒ (Environmental impacts and natural resources, 
Infrastructure and urban services, Public Perception, 
Institution Setting, Society Supporting Capacity) 
 
Figure 2-9: The components of UCC and their relationship (Wei et al., 2015). 
 Cities can improve and increase their capacities in different ways. This 
could be achieved by mitigating their environmental footprints (impacts), reducing 
levels of pollution, reducing the use of natural resources, providing adequate 
infrastructure and developing rural settlements to reduce internal migration. UCC 
is an important indicator to measure and evaluate the urban capacity of an area. 
It provides guidance to maintain and enhance the capacities of urban settlements 
to absorb the rapid population growth (Wei et al., 2015).  
Urban problems (such as shortage of housing, growth of informal 
settlements, depletion of natural resources, demands exceed supply, air and 
water pollution, low percentages of access to basic services, social conflicts and 
ecosystem degradation) are indicators of over-carrying capacity of urban areas 
(Abernethy, 2001; Oh et al., 2005; Wei et al., 2015; Wong et al., 2006). Wei et al. 
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2015 summarized these urban problems as four areas of unsustainability: 
inadequate urban services, environmental degradation, natural resources 
shortage and social conflicts.  
Wei et al. 2015 suggests that cities could enhance their UCC by pricing 
urban services to maintain the supply-demand balance. The pricing policies for 
urban services affect the spatial distribution of residence and the supply-demand 
balance (Sullivan, 1985). An average-cost pricing scheme does not consider 
spatial variation in marginal production costs, so in some locations the average-
cost will be higher than the marginal cost and in others it will be lower (ibid). 
Therefore, locations where the price of urban services is lower than the marginal 
cost will attract more households causing high-density settlements and, in some 
cases, this could increase urban sprawl (Sullivan, 1985). Additionally, an 
average-cost pricing scheme provides inaccurate urban service demands 
because the price is not equivalent to the marginal cost, accordingly, the 
equilibrium quantity demanded is not equal to the optimum quantity (Sullivan, 
1985). Replacing average-cost with marginal-cost based pricing schemes that 
vary depending on place is another key solution in maintaining supply-demand 
balance (ibid). 
Furthermore, decentralization policies and strategies are necessary to 
reduce the massive demands for urban infrastructures and services that can be 
achieved by distributing functions from the national level to the local level (Wei et 
al., 2015). UNDP (1997, p.4) defines decentralization, or decentralizing 
governance, as:   
 37 
the restructuring or reorganization of authority so that there is a system of 
co-responsibility between institutions of governance at the central, 
regional and local levels according to the principle of subsidiarity, thus 
increasing the overall quality and effectiveness of the system of 
governance, while increasing the authority and capacities of sub-national 
levels.… Decentralization could also be expected to contribute to key 
elements of good governance, such as increasing people's opportunities 
for participation in economic, social and political decisions; assisting in 
developing people's capacities; and enhancing government 
responsiveness, transparency and accountability. 
Decentralization makes government more responsive to local needs by ‘tailoring 
levels of consumption to the preferences of smaller, more homogeneous groups’ 
and enables municipalities to manage their resources and deliver public services 
more efficiently (Balaguer-Coll et al., 2010; Ibrahim, 2011; Shah, 1999; UNDP, 
1993; Wallis and Oates 1988, p.5; World Bank, 1994). ‘Decentralization being 
seen as not an end in itself but a response to the requirements of the 21st 
Century, a means towards achieving sustainable development and improving the 
quality and delivery of services’ (UNDP and INP, 2004). 
Local governments in developing countries have been facing immense 
challenges to improve and increase their managerial capacities to cope with 
urbanization; decentralization was a key tool to address these challenges 
(Ibrahim, 2011). For example, Egypt has had a highly centralized political system, 
however, since the 80’s decentralization has been one of the top priorities of 
public administration tools to transfer the power from the central authority to local 
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governments (Tobbala, 2019). The aim of this shift was to make the government 
more responsive to local needs and to provide better public services while 
promoting economic and social development (Tobbala, 2019). This was 
supported by Law 43/1979 that calls for transferring the power from central 
ministries to local units and authorising governors to deal with local issues without 
referring to the central level, which is not achieved yet as ministries are still in full 
control (Tobbala, 2019). Tobbala (2019) explains that the current system of local 
administration in Egypt relies heavily on centralized decision-making and that the 
central control leads to policies and strategies that do not meet real local needs. 
Top-down administration has created a gap between the central government and 
the sub-national level (Tobbala, 2019). Ibrahim (2011) clarifies that the 
government's initiatives towards decentralization in Egypt are influenced by the 
idea of central planning that lacks flexibility and an adequate response to local 
needs and public participation.  
The current system also lacks transparency in information flows which is 
essential for effective participation of local communities and accountability of 
local governments to ensure the efficient and effective use of government 
resources and delivery of public services (Ibrahim, 2011; Tobbala, 2019; UNDP 
and INP, 2004). Public participation at local levels is also an indicator of good 
local governance (UNDP and INP, 2004). Transparency in information flows and 
accountability of local governments accompanied with good governance reduces 
information inconsistencies between the government’s different institutions as 
inconsistencies in existing information provides unreliable data for decision-
making, planning, setting targets and monitoring (UNDP and INP, 2004). 
Information flows should be available vertically with central and local 
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governments and horizontally with all sectors and institutions to serve the 
integrated holistic objectives of sustainable human development (UNDP and INP, 
2004) and with Sustainable Development Goal 16, which aims ‘to promote 
peaceful and inclusive societies for sustainable development, provide access to 
justice for all and build effective, accountable and inclusive institutions at all 
levels,’ Target 16.5 ‘Substantially reduce corruption and bribery in all their forms,’ 
Target 16.6 ‘Develop effective, accountable and transparent institutions at all 
levels’ and Target 16.7 ‘Ensure responsive, inclusive, participatory and 
representative decision-making at all levels’ (United Nations, 2015a).  
Moreover, Wei et al. 2015 shed light on the importance of legislation and 
enforceable regulations as effective approaches to improve urban management. 
Many countries fail to implement urban regulations properly, for example, the lack 
of management and maintenance (soft infrastructure) is a common problem in 
developing countries that are leading to a rapid deterioration of existing and newly 
built infrastructure (physical infrastructure) (Wei et al., 2015). 
Urbanization challenges in developing countries indicate that cities are 
exceeding their urban carrying capacity causing massive environmental impacts, 
as well as social, economic and urban problems. Most governments in 
developing countries fail to increase the capacity of cities due to the pressure of 
the rapid urbanization, climate change and the scarcity of resources. 
Understanding the existing capacities and limits of cities from natural and man-
made resources is necessary to identify the sustainable urban development 
pathways and strategies open to them. This is important because sustainable 
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urban development strategies are heavily dependent on local conditions and the 
urban carrying capacity of cities in which they are being developed.  
The concept of UCC provides a better understanding of the limits of urban 
development as it considers both limits: natural resources and man-made 
resources that enables researchers, urban planners, policy and decision-makers 
to gain the sense of growth limits of urban areas and cities and it also identifies 
pathways for sustainable development. The UCC considers the limits of man-
made resources (as explained above), which is important because in some cases 
natural resources could be available, but limited man-made resources (such as 
infrastructure and institutional settings) could lead to the mismanagement of 
these natural resources. Despite the importance of the UCC concept as a guide 
for sustainable development, UCC research strongly lacks theoretical basis and 
practical approaches to measure the capacity of cities (Shi et al., 2013; Wei et 
al., 2015). Limited studies are available and the methods of measurement are not 
well-established and used in the field of sustainability. 
2.3.3 Sustainable resource management 
Driven by rapid global urbanization, the industrial revolution and technological 
development, a huge amount of resources are being extracted from the 
environment to meet increasing demand (Agudelo-Vera et al., 2011). The 
consequences of the inefficient use of resources and the increase of urban waste 
generation have massive impacts on environmental and ecological systems. 
Agudelo-Vera et al. (2011) highlighted the importance of the integration of 
resource management in sustainable development. It is crucial to manage the 
available resources efficiently to meet current demands and enable future 
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generations to meet their own needs (Agudelo-Vera et al., 2011). Agudelo-Vera 
et al. (2011, p.2296) defines resource management as  
the conscious handling of natural resources - energy and materials - and 
the utilization of infrastructure and technology to meet human needs; 
including extraction, transformation, consumption or use and disposal of 
resources. Hence, RM (resource management) includes natural resources 
and man-made products.  
Sustainable resource management leads to a better understanding of the 
available natural resources of cities and the limits of extraction without causing 
environmental degradation. It also maximises the use of renewable resources 
rather than relying on non-renewable resources, minimizes urban waste 
generation and reduces waste disposal. Sustainable resource management 
enables policy and decision-makers to achieve the Sustainable Development 
Goals (SDGs) specifically Goal 2 ‘Zero hunger,’ Goal 6 ‘Clean water and 
sanitation,’ Goal 7 ‘Affordable and clean energy,’ Goal 11 ‘Sustainable cities and 
communities,’ Goal 12 ‘Responsible consumption and production,’ Goal 15 ‘Life 
on land,’ (Hülsmann and Jampani, 2020; United Nations, 2015a) and Goal 13 
‘Climate action’ and resource management is also important for achieving other 
SDGs even if they are not closely linked to resource management (Bringezu, 
2018). This could not be achieved without quantifying, assessing and controlling 
inputs (consumption of natural and man-made resources) and outputs (such as 
solid waste, wastewater and carbon dioxide emissions) of cities to assist in 
creating integrated sustainable resource management strategies (Hülsmann and 
Jampani, 2020).  
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2.3.4 The urban metabolism framework   
The urban metabolism framework has been widely used in literature to assess 
the metabolism of cities by quantifying and assessing the flow of materials 
(resources) in cities. The concept of urban metabolism originates from applying 
the metaphor of industrial ecology to urban systems; it is a metaphor that invokes 
nature as a source for new ideas to redesign urban areas or cities to bring them 
closer to sustainability (Ferrão and Fernández, 2013). Ecosystems are resilient, 
vigorous and sustainable systems; observing ecological processes could offer 
ideas to improve the sustainability of urban areas (Ferrão and Fernández, 2013). 
Urban areas are considered open systems with interlinked subsystems (social, 
economic and institutional) that interact with the environment by extracting and 
consuming resources and generating different types of wastes (such as solid 
waste, wastewater and emissions) that are absorbed and regenerated by the 
environment (Ferrão and Fernández, 2013). The urban metabolism concept 
developed and became a practical approach that provides a variety of methods, 
tools and metrics to understand and examine the metabolism of urban systems, 
and it also assesses the level of circularity of resource streams to identify 
deficiencies in urban systems and opportunities for sustainable improvement 
(Ferrão and Fernández, 2013). Furthermore, the urban metabolism framework 
provides suitable measures of resources exploitation and consumption, and 
different types of waste generation that could be used as sustainability indicators 
(Ferrão and Fernández, 2013).  
The urban metabolism framework was first employed by Wolman in 1965 to 
assess the inputs (water, food and fuel) and outputs (sewage, solid refuse and 
air pollutants) of a hypothetical U.S. city with a population of one million 
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inhabitants (Wolman, 1965). He believed that cities could be treated as living 
organisms and if their metabolic processes are understood, it would be possible 
to sustain and balance the flow of materials and energy without distressing the 
environment (Kennedy et al., 2007). Kennedy et al. (2007, p.44) defined urban 
metabolism as ‘the sum total of the technical and socio-economic processes that 
occur in cities, resulting in growth, production of energy, and elimination of waste.’  
  An analysis of urban metabolism includes various elements: quantification 
of a city’s inputs, outputs and storage of energy, materials, nutrients, water, and 
wastes (Kennedy and Hoornweg, 2012) (see Figure 2-10). Over the years, the 
concept of urban metabolism evolved. A considerable amount of literature has 
been published on urban metabolism since it was introduced by Wolman 
(Kennedy and Hoornweg, 2012). Additionally, the World Bank started to use the 
concept and collected data for some cities (Kennedy and Hoornweg, 2012). Due 
to the scarcity and the increasing demand for resources, Kennedy and Hoornweg 
(2012) shed light on the importance of using urban metabolism as a robust 
framework to understand the flow of materials in cities. Understanding the flow of 
materials could assist decision-makers to better manage the available resources 
and reduce the environmental impacts of cities. To conduct such studies, a huge 
amount of data is required. Kennedy and Hoornweg (2012) suggested targeting 
data that could be practically collected and suggested that national statistical 
agencies should manage the production of data more efficiently to serve the 
urban metabolism studies for individual cities.  
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Figure 2-10: Urban systems boundary broadly showing inflows and outflows5 
(Kennedy and Hoornweg, 2012). 
Kennedy et al. (2007) reviewed and compared urban metabolism studies 
of eight metropolitan regions across the world, and the water, materials, energy, 
 
5 Urban systems boundary broadly showing inflows (I), outflows (O), internal flows (Q), storage 
(S), and production (P) of biomass (B), minerals (M), water (W), and energy (E), t = tonnes; J = 
joules; kWh = kilowatt-hours (Kennedy and Hoornweg, 2012). 
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and nutrient flows of other cities. Although the selected studies were conducted 
in different years (since 1965) and located in different regions, the comparison 
indicated that the ‘metabolism of cities is changing’ (Kennedy et al., 2007). The 
metabolism of cities is increasing though, it differs from one place to another. 
Variation is based on factors such as climate, energy cost and consumption, age 
of the city, and stage of development. Kennedy et al. (2007, p.51) described the 
growth of cities and the increasing demand for resources by  
in some respects the city is like a plant stretching its roots out further and 
further until its resource needs are met—a concept that parallels the 
ecological footprint. One aspect of this growth is that cities require greater 
expenditure of transportation energy as materials travel from increasing 
distances.  
As cities grow, it is first local resources (water, energy, and materials) which are 
exploited, and this has a great impact on the ecological balance of cities (the 
impacts of the overuse of water, energy, materials and nutrients were presented 
in the study). After this, the required resources are imported from peri-urban 
areas to ensure the continuous growth of cities. More energy is thus required to 
transfer resources from the surrounding environment to cities. Kennedy et al. 
(2007) pointed out the importance of studying the urban metabolism of cities is to 
enhance the efficient use of the local resources and reduce external resource 
exploitation. 
The urban metabolism approach is also important to assess the flow of 
materials in megacities (Brunner, 2007). The increasing demand of resources is 
driven by the rapid population growth, specifically in Asia and Africa. The 
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consumption of construction and building materials will increase due to the 
expansion of existing cities and the increasing number of new cities. Brunner 
(2007) described the flow of materials of cities as linear flows and most of the 
resources are imported from the surrounding regions. The inputs of cities exceed 
the outputs and the stock of materials is increasing due to the continuous growth 
of urban populations (Brunner, 2007). The output of cities refers to the carbon 
dioxide emissions, waste, wastewater, and so on. The stock of materials refers 
to the buildings, infrastructure, roads, and so forth. Brunner (2007) sheds light on 
the importance of improving the design of stocks for two reasons: first, the design 
of stocks determines the outputs of cities (for example if the buildings are well 
insulated, the energy required for heating or cooling will be less and this will 
reduce carbon dioxide emissions, as well as the quality of infrastructure if it is 
well designed the leakages will be lower and the flow of resources within the city 
will be more efficient). Secondly, these stocks could be reused or recycled to 
reduce the use of primary resources in the future. ‘Today’s stock is tomorrow’s 
waste and can serve as a future resource’ (Brunner, 2007, p.12). Assessing the 
flow of materials of cities is necessary to reduce the use of resources and change 
the linear flows into circular flows.  
Researchers’ vision of cities has changed since the concept of urban 
metabolism was introduced (Broto et al., 2012). Urban metabolism enabled 
researchers to determine various dimensions of sustainability within cities. 
Researchers from diverse disciplines developed different approaches for urban 
metabolism studies. Broto et al. (2012) examined the theoretical interpretations 
of urban metabolism and the practical approaches of urban metabolism that 
focused on developing new tools to quantify and assess the flow of materials in 
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cities. Broto et al. (2012) conducted a comparative study for these approaches 
(industrial ecology, urban ecology, ecological economics, political economy and 








































These themes shed light on the interdisciplinarity approach of urban 
metabolism as a theoretical framework. Urban metabolism describes the 
interactions between cities as subsystems and their urban region as a larger 
ecosystem where cities are located (Broto et al., 2012). Human beings and their 
activities are part of these interactions and cannot be isolated as these have a 
great impact on the environment. Social and economic characteristics of cities 
affect the metabolism of cities, governance and policies regulate these relations. 
Broto et al. (2012) referred to the unequal distribution of resources between 
developed nations and developing countries and between rural and urban areas. 
Unequal distribution of resources, access to basic services and the quality of 
infrastructure reflect socioeconomic inequalities in the Global North and South 
(Broto et al., 2012). Sustainable urban development requires a holistic approach 
to reshape urban areas to improve the flow of resources and to ensure the equal 
distribution of resources and the interactions between cities and the surrounding 
environment. The urban metabolism framework could be used to better 
understand the complex issues of cities to identify the key challenges of 
sustainable urban development in order to create resilient urban systems.  
  Over time, research has extended the use of the urban metabolism 
framework and developed new methods and approaches to quantify, assess and 
control the flow of materials at different scales (local, regional, national and 
global) as shown in Figure 2-11 (Zhang et al., 2015). Many of the environmental 
assessment methods that have been developed in the field of industrial ecology 
have been used in other frameworks to assess sustainability and the metabolism 




Figure 2-11: Illustration of the multiple scales and disciplines that should be 
considered in studies of urban metabolism6 (Zhang et al., 2015). 
  There has been a huge shift in urban metabolism assessment methods 
that just accounts the inputs and outputs of cities to methods that provide 
indicators for metabolic changes and the environmental impacts of cities’ 
metabolisms (Musango et al., 2017). These methods include accounting 
 
6 Notes: AM, anthroposphere metabolism; EF, ecological footprint; EFA, energy-flow analysis; 
ENA, ecological network analysis; HANPP, human appropriation of net primary production; HM, 
household metabolism; IOA, input−output analysis; LCA, life-cycle assessment; MEFA, material 
and energy-flow analysis; MFA, material-flow analysis; NM, neighbourhood metabolism; RM, 
regional metabolism; SFA, substance-flow analysis; SM, social metabolism; UM, urban 
metabolism (Zhang et al., 2015). 
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approaches, input and output analysis, ecological footprint, life cycle analysis and 
integrated methods (Beloin-Saint-Pierre et al., 2017; Musango et al., 2017; Zhang 
et al., 2015). Accounting approaches such as material flow analysis (MFA) has 
been widely used in previous urban metabolism studies. MFA quantifies 
resources flows by physical weight or volume at different scales (regional or local) 
and provides a basis for resource management and could determine public 
environmental policies (Barles, 2009; Musango et al., 2017). Substance flow 
analysis is similar to the MFA, but it focuses on quantifying and assessing only 
one flow such as water or carbon dioxide emissions (Musango et al., 2017). 
Emergy or exergy studies are accounting approaches that transfer all the 
resources values to one unifying unit, the solar emjoule (sej) (Currie and 
Musango, 2017; Musango et al., 2017). Generally, accounting approaches 
provide some simple characteristics of cities (Fernández, 2014) and they are 
described as ‘black box’ because they do not reveal the interactions between the 
flow of materials and different sectors (Musango et al., 2017).  
  In contrast, the input and output analysis shows the internal flows and how 
resources interact with urban activities by conducting empirical analysis of 
product flows and evaluating the material flows between sectors in an economy 
through tracking product and sector-specific resource flows (Giljum and Hubacek, 
2009; Musango et al., 2017). The input and output analysis to some extent 
uncovers the ambiguity of the ‘black box’ but it is not widely used in urban 
metabolism studies (Beloin-Saint-Pierre et al., 2017; Musango et al., 2017).  
  The ecological footprint assessment ‘accounts for the flows of energy and 
matter to and from any defined economy and converts these into corresponding 
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land/water area required from nature to support these flows’ (Wackernagel and 
Rees, 1995, p.3). As mentioned previously, the ecological footprint was 
developed to assess the sustainability of current human activities (Wackernagel 
and Rees, 1995); it is also used in urban metabolism studies (Fernández, 2014; 
Musango et al., 2017). Populations are considered unsustainable if their 
ecological footprints exceeded the actual land available to them (Musango et al., 
2017). Ecological footprint assessment is used in urban metabolism studies to 
evaluate a given metabolism whether it is over-consumptive or is functioning 
within its limits (Musango et al., 2017). Ecological footprint assessment provides 
information for decision-makers; however, it is not widely used in urban 
metabolism studies because it addresses only one single issue (i.e. productive 
land consumption) (Beloin-Saint-Pierre et al., 2017; Musango et al., 2017). 
  Life cycle analysis (LCA) ‘gathers information on the environmental impact 
of a product or service over its entire life cycle’ (Fernández, 2014, p.13). LCA is 
rarely used in urban metabolism studies due to the complexity of urban 
metabolism systems and the difficulty of obtaining information on the start and 
end of an urban metabolism’s cycle (Beloin-Saint-Pierre et al., 2017; Musango et 
al., 2017). 
  Furthermore, researchers developed new integrated methods by 
combining more than one method or adding social, environmental and 
sustainability indicators to assess the impacts of human interactions and activities 
on resource flows (Musango et al., 2017). As explained above, other methods 
mainly focus on resource flows overlooking these aspects. Such information is 
important to improve resource-efficiency that is highly dependent on human 
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practices (Musango et al., 2017) and to assist policy and decision-makers in 
promoting appropriate strategies for the socio-technical change, which is crucial 
for sustainability transitions.   
  Urban nexus is another concept closely linked to the urban metabolism 
concept (Chen, B. and Chen, 2015). The nexus concept (particularly the Water, 
Energy and Food (WEF) nexus) is rooted in earlier integrated resource 
management concepts such as the Integrated Water Resource Management 
(IWRM) (Hülsmann et al., 2019). Urban nexus focuses more on understanding 
the linkages between energy and material flows, and conversion processes 
embedded in interconnected chains at various scales (including extraction, 
supply, distribution, end use and disposal) in order to achieve a sustainable city 
(Chen, B. and Chen, 2015). Instead of focusing on the challenges of an individual 
sectors of urban ecosystem (such as energy, water, land and carbon), the scope 
of urban nexus is on the dynamic interactions, uses systematic approaches to 
increase the efficiency of these interconnections within the whole urban system 
to ensure the sustainability of cities overtime (Chen, B. and Chen, 2015). For 
example, the energy-water nexus approach goes beyond a simple comparison 
between the energy consumption and water use of an urban system to an 
extensive understanding of water footprint of energy facilities and energy footprint 
of water infrastructures (Chen, B. and Chen, 2015). The nexus approach seeks 
to understand and assess interdependencies across different sectors at different 
scales to mitigate trade-offs and promote synergies in resource management 
(Hülsmann and Jampani, 2020).  
  Recent research shows that assessing resources consumption and 
production patterns have been addressed in many studies, however, 
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understanding their ‘nexus’ did not receive the same attention until recent 
research and practice (Beck and Villarroel Walker, 2013; Chen B. and Chen, 
2015; Kenway et al., 2011). Despite that the nexus approach provides more 
practical sustainable urban planning and management strategies (Chen, B. and 
Chen, 2015), the ecosystem perspective, which is a key element for sustainable 
resource management, has not been considered or addressed in previous or 
early nexus studies (Hülsmann et al., 2019). Hülsmann et al. (2019) suggest that 
the ecosystem services should be considered in urban nexus approach to predict 
systems resilience and the role of ecosystem services within these systems.  
  The ‘circular economy’ is another emerging concept that has gained the 
attention of scholars and practitioners, particularly in the world of industry and 
business, as a method to reduce the environmental impact of production and 
resource use (Harris et al., 2021; Kalmykova et al., 2018; Lucertini and Musco, 
2020; Williams, 2019). A circular economy  
 is an industrial system that is restorative or regenerative by intention and 
design. It replaces the ‘end-of-life’ concept with restoration, shifts towards 
the use of renewable energy, eliminates the use of toxic chemicals, which 
impair reuse, and aims for the elimination of waste through the superior 
design of materials, products, systems, and, within this, business models 
(Ellen MacArthur Foundation, 2013, p.7).  
The circular economy is not a new concept, it draws on other concepts that were 
developed decades ago such as spaceman economy (Boulding,1966), limits of 
growth (Meadows et al., 2005), performance economy (Stahel, 2010), ‘cradle-to-
cradle’ (Stahel and Reday-Mulvey, 1981) and industrial ecology (Frosch and 
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Gallopoulos, 1989) (Kalmykova et al., 2018; Williams, 2019). The circular 
economy aims to maintain the circulation of resources within the economy, 
reduce environmental degradation and the impacts of extraction, emissions, and 
disposal (Harris et al., 2021; Lazarevic and Valve, 2017; Williams, 2019). China 
was the first country to implement the principles of circular economy into the 
national policy and Europe is currently in the process of developing the circular 
economy concept to improve the economic and environmental performance of 
industries (Ellen MacArthur Foundation, 2015; Harris et. al, 2021; Kalmykova et 
al., 2018).  
  Despite that, there are currently many initiatives driven by governmental 
bodies, non-governmental organization and consultancy firms to implement the 
circular economy in order to address environmental challenges and promote a 
more sustainable economy, the concept is still lacking a common ground for the 
variety of existing approaches (Kalmykova et al., 2018; Lucertini and Musco, 
2020). Additionally, products, materials and sectors are considered in circular 
economy implementation while system dynamics (urban ecosystem) are rarely 
addressed which is important to monitor changes over time and identify 
undesirable impacts of the implementation of circular economy (Kalmykova et al., 
2018; Williams, 2019). The goal of a circular economy is to reduce the use of 
resources by applying a variety of strategies that have an impact on the whole 
system and other processes, if these strategies are chosen independently without 
any coordination among different sectors, negative effects may appear on the 
whole system and other sectors (Kalmykova and Rosado, 2015). Therefore, 
Kalmykova and Rosado (2015) suggest the use of a holistic approach, 
specifically urban metabolism analysis, for the design of a circular economy. 
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Urban metabolism analysis assesses the flow of materials, changes in 
consumption and production patterns over time, and assesses the effect of the 
system’s characteristics (including social, economic, political, natural and 
biophysical conditions) on the flow of resources (Kalmykova and Rosado, 2015). 
Moreover, urban metabolism analysis identifies resources and materials that 
could be used more effectively in a circular economy (Kalmykova and Rosado, 
2015). A circular economy is still in its early stages of development and it is mostly 
used in economic and production fields focusing on closed-loop industrial 
systems, and existing approaches are lacking key aspects that should be 
considered in order to apply circular economy to cities (Lucertini and Musco, 
2020; Williams, 2019). 
 The advantages and disadvantages of existing resource management 
frameworks and approaches (as mentioned above) indicate that none of them 
provides an optimum or complete solution to address sustainability challenges. 
Each approach is employed for a specific purpose that is affected by the scope 
of the study or influenced by the researcher field of study. However, several 
authors from different disciplines highlighted that the analysis of urban 
metabolism is an important step towards sustainable urban development and 
resource management (Kennedy and Hoornweg, 2012; Kennedy et al., 2014; 
Pincetl and Bunje, 2009). Urban metabolism analysis provides the basic 
information required to conduct ecological footprint assessment (Pincetl and 
Bunje, 2009), for circular economy implementation (Kalmykova et al., 2018; 
Kalmykova and Rosado, 2015; Williams 2019) and for nexus approaches 
(Hülsmann et al., 2019). The urban metabolism framework is also well anchored 
in existing literature (Céspedes Restrepo and Morales-Pinzón, 2018; Kennedy et 
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al., 2014) and it is a practical approach that allows quick uptake by cities and 
ease of continued monitoring (Kennedy et al., 2014). Furthermore, urban 
metabolism framework enables researchers to understand the conditions that 
created sustainability challenges in urban areas, as Jerneck et al. (2010) 
suggested that understanding these conditions is key for problem-solving 
research. Therefore, this study finds that the urban metabolism is the most 
suitable framework to address the research problem to enable the researcher to 
understand the system dynamics (Cairo Governorate, case study) and identify 
complex issues regarding sustainable resource management. 
 Céspedes Restrepo and Morales-Pinzón (2018) identified the limitations 
of the urban metabolism framework and existing studies that should be 
considered in future studies: 1) most previous studies focus on quantifiable 
aspects (such as resource flows) with minimal consideration to unquantifiable 
aspects (such as social, cultural, institutional and political aspects), 2) 
comparative analysis between different cities and regions is difficult due to the 
concentration of urban metabolism studies in specific countries, and 3) the 
debate on the sustainability of urban areas is not resolved, yet. As the urban 
metabolism approach considers that the sustainability of cities is based on 
reducing the use of non-renewable resources, increasing the use of local 
resources, reducing resource imports, reducing waste generation, improving the 
efficiency of resource flows, and favouring circular flows upon linear flows of 
materials (Acselrad, 1999; Yang et al., 2014). Other researchers argue that even 
if cities reach the maximum efficiency of resource consumption with minimum 
imports from other ecosystems, cities will never achieve unlimited growth in a 
world of limited resources (Kool, 2013; Meadows et al., 2005). Despite, these 
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debates around urban metabolism and sustainability of cities, this study used the 
urban metabolism framework to identify deficiencies in resource management 
and evaluate the existing performance of the selected case study towards 
sustainable development and to provide baseline information that is required to 
assist policy and decision-makers in order to pinpoint opportunities for 
improvement towards sustainable development and achieving sustainable 
development goals. Additionally, this study customized an existing urban 
metabolism tool to overcome the limitations of existing approaches (this is 
explained in Chapter 3). 
2.3.5 The urban harvest approach 
Agudelo-Vera et al. (2012) developed the concept of ‘Urban Harvesting’ as a 
resource management concept build on the foundations of urban metabolism. At 
the core of ‘Urban Harvesting’ is the goal of improving the use of resources in 
cities by changing the linear flow of materials into circular flows. The concept 
considers cities not only as consumers of primary resources but also as 
producers of secondary resources (such as solid waste and wastewater), too. 
Additionally, secondary resources include the wasted quality of resources. Most 
of the resources’ networks in cities are designed to provide the highest quality of 
resources, which consumes a huge amount of energy and resources (Agudelo-
Vera et al., 2012). However, the required quality of resources differs from one 
activity to another. Providing the same quality of resources for all activities means 
that some activities receive a higher quality of resources than what is actually 
required for their activities. Huge amounts of resources are wasted or the ‘quality 
losses in the system’ (Agudelo-Vera et al., 2012, p.4). To reduce these losses, 
Agudelo-Vera et al. (2012) suggested that the provided quality of resources 
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should fit the exact quality that is needed for each activity. In addition, the wasted 
resources could be captured and fed back into the city to improve the flow of 
materials of cities by converting the linear flows into circular flows (Figure 2-12).  
 
Figure 2-12: Linear vs. circular flow of materials (Agudelo-Vera et al., 2012). 
Agudelo-Vera et al. (2012) developed four steps to close the metabolic flows:  
1. Quantify the demand. 
2. Try to reduce it as a first step. 
3. Provide alternative sources. 
4. Combine the supply and demand by harvesting the available resources.  
To increase the use of local resources, Agudelo et al. (2009) presented four main 
harvesting strategies: 
1. ‘Multi sourcing’ by using both primary and secondary resources, such as 
renewable energy resources and capturing the rainwater. 
2. ‘Cascading’ by making use of the wasted quality in the system, such as using 
these losses in other activities that do not require high quality of resources. 
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3. ‘Quality upgrading and recycling’ by treating the outputs of the system to reuse 
and feed it back into the system. 
4. ‘Quality upgrading and closing loops’ by improving the quality of existing 
systems without relying on non-renewable energy resources.  
Agudelo-Vera et al. (2012) tested the water and energy flows at 
neighbourhood and national scale of the Netherlands to assess the applicability 
of the new resource management tool. Agudelo-Vera et al. (2012) explored the 
local flows and the available resources then proposed different scenarios to 
choose the best option. The local characteristics should be considered in such 
studies to enable researchers and urban planners to make better decisions 
(Agudelo-Vera et al., 2012). The outcome of the study shows the potential of 
using the urban harvest concept to maximize the use of local resources and 
transform cities into self-sufficient cities. Furthermore, providing a variety of 
resources will improve resources networks and make them more resilient.  
Agudelo-Vero, Mels et al. (2012) introduced the “Urban Harvest Approach” 
(UHA) that was also based on urban metabolism concept. The main objectives 
of the proposed approach are to reduce cities’ dependency on external resources 
and increase the use of local resources. To achieve these objectives, three 
strategies were developed: First, reduce the demand for resources; secondly, 
reduce outputs of cities; and thirdly, to provide alternative local and renewable 
sources. Local resources include secondary resources or output of cities such as 
solid waste. These resources could be used immediately without treatment or 
could be upgraded and fed back into the city. Agudelo-Vero, Mels et al. (2012) 
tested the urban harvest approach on a smaller scale than the previous study (at 
 61 
a neighbourhood and national level in the Netherlands). The urban harvest 
approach was used to investigate the water resources of two similar houses in 
different contexts: one in Netherlands and the other in Australia. The first step in 
such studies is to understand the urban metabolism of the case studies by 
quantifying and assessing the inputs and outputs. Agudelo-Vero, Mels et al. 
(2012) then applied the three strategies of the urban harvest approach. The 
outcome of the study showed that the use of water-saving technologies can have 
a great impact on the reduction of water demand. In addition, the use of 
secondary water resources (such as rainfall and greywater) met the required 
water demand. Agudelo-Vero, Mels et al. (2012) highlighted the importance of 
reducing demand for resources as a first step, then making use of the secondary 
resources whenever possible to reduce the consumption of primary resources. 
Moreover, multi-sourcing is vital to secure the stability of the urban metabolic 
system.  
Leduc and Van Kann (2013) proposed a sustainable urban energy 
approach which includes both the concept of urban harvest and the interaction of 
urban functions (multi-functionality). This approach is used to explore the 
potential of harvesting local resources and the remaining qualities in an urban 
system to convert the linear metabolism into circular metabolism. Understanding 
the interaction between different functions of an urban system and integrating the 
industrial ecosystem with the urban ecosystem could provide more productive 
urban regions (Leduc and Van Kann, 2013). As Leduc and Van Kann (2013) 
suggested, multi-functionality (mixed used land) could be useful because not all 
sectors require the same level or quality of energy and resources. The industrial 
waste or the remaining quality of energy flows, for example, could be used in 
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other industries or could be used to close the metabolic flows of the urban 
ecosystem. However, to be able to harvest the available resources within a 
system it is important to understand and improve the linkages between urban 
functions, reduce the distance between different functions, understand the supply 
and demand of each function within the urban system and provide adequate 
infrastructure to enhance the efficient and effective use of resources within 
industrial and urban ecosystems (Leduc and Van Kann, 2013). Leduc and Van 
Kann (2013) tested the new approach at a neighbourhood scale (Kerkrade-West, 
Netherlands). The method includes understanding the distribution of land use, 
the energy demand and supply, the linkages between different functions and the 
available resources. The outcome of the study indicated the potential of 
understanding the local characteristics of urban areas to maximize the use of 
local resources and reduce imports from other ecosystems.  
Although urban metabolism and urban harvest are two important concepts 
for resource management and sustainability, many researchers have used urban 
metabolism to quantify and assess the flow of materials in cities, but because 
urban harvest is a relatively new concept, it is not widely recognized as urban 
metabolism. This research attempts to address this gap by using both concepts 
to identify deficiencies of resource management in Cairo Governorate and to 
explore the potential of harvesting local resources. 
2.3.6 Urban metabolism: case studies 
John et al. (2019) conducted a systematic review of urban metabolism studies 
that focused on the practical application of urban metabolism frameworks and 
approaches. This review included more than 220 case studies. The outcome of 
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this review shows that most of the case studies are located in Europe (mostly in 
London, Vienna, Stockholm and Barcelona), followed by Asia (mostly for cities in 
China: Beijing and Shanghai), North America (Toronto and cities in the United 
States), and a few case studies are located in Africa, South America and 
Australia. The majority of these case studies followed a problem-oriented 
approach, were conducted at a city scale, and covered a defined period of time 
(John et al., 2019). Furthermore, a variety of frameworks were applied to explore 
the urban metabolism of the case studies with a considerable focus on material 
flows and stocks. John et al. (2019) shed light on the importance of increasing 
transdisciplinary research in the field of urban metabolism, specifically in the 
Global South, to bridge data gaps and to provide better-tailored solutions for 
urban sustainability.  
The next section presents some of the practical approaches of the urban 
metabolism framework to explore the tools and methods that have been 
developed by scholars to study the metabolic flows of cities. The selection of case 
studies is based on their geographical location to show that these insights can be 
widely applied. 
2.3.6.1 International: case studies (megacities and global cities) 
Decker et al. (2002) explored the local, regional and global environmental 
impacts of resource consumption of the world’s largest cities by examining the 
flow of materials (water, fuels, construction materials and food) of these cities. 
Although the world’s largest cities have different characteristics (socioeconomic 
and biogeochemistry), high resource consumption is a common feature among 
these cities. Decker et al. (2002, p.377) described the world’s megacities as 
 64 
‘voracious’ due to the high resource consumption. However, resource 
consumption differs from one place to another based on the socioeconomic and 
biogeochemistry characteristics of cities. Understanding the characteristics of 
cities along with the flow of materials and the environmental impacts of 
megacities are essential to face the future challenges of rapid urbanization. Such 
studies are difficult due to the lack of standardized methods of data collection at 
a global level. Decker et al. (2002) outlined the importance of using urban 
metabolism as a unifying conceptual framework. The urban metabolism 
framework combines and arranges different types of data including the social, 
economic, environmental and biophysical characteristics of cities. Organizing 
these data removes the difficulty of assessing the flow of materials and the 
environmental impacts of cities that lead to a better understanding of the world’s 
megacities future challenges (Decker et al., 2002). 
Kennedy et al. (2010) used the urban metabolism framework to develop 
equations to determine the greenhouse gas emissions of ten global cities. This 
study was driven by climate change and global initiatives to reduce greenhouse 
gas emissions. Identifying cities with less per capita greenhouse gas emissions 
is important to develop climate change strategies in different cities (Kennedy et 
al., 2010). The selection of the ten global cities was based on data availability 
(Los Angeles (County), Denver (City and County), Greater Toronto, New York 
City, Greater London, Geneva (Canton), Barcelona, Greater Prague, Cape Town 
and Bangkok). The study included greenhouse gas emissions from the following 
sectors: electricity, heating and industrial fuels, industrial processes, ground 
transportation, aviation, marine, and waste (Kennedy et al., 2009). Such studies 
are challenging because the methods of quantifying greenhouse gas emissions 
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are inconsistent in previous published studies and the lack of reliable data on 
energy consumption and GHG emissions of cities. The results of this comparative 
study identified the factors that affect the quantity of GHG emissions of cities. The 
GHG emissions of cities differ from one place to another. This is based on the 
location, climate (energy required for heating or cooling), access to energy 
resources (specifically renewable energy), the density of cities, the availability of 
technologies to capture methane from the solid waste and other social and 
economic factors (Kennedy et al., 2009). Kennedy et al. (2009) suggested that 
cities with similar socio-economic and biophysical characteristics can adapt the 
same strategies for climate change.  
Although studying the flow of resources and waste generation is crucial for 
urban sustainability, such studies are challenged by the difficulty of data 
collection and the complex structures of megacities (Kennedy et al., 2014). To 
overcome the complexity of studying the flow of resources in megacities, 
Kennedy et al. (2014) developed a multi-layered indicator set which focused on 
the data that can be easily collected. It includes layers of qualitative and 
quantitative data to measure the flow of materials. In addition, it assesses the 
quality of the infrastructure and the role of utilities through the provision of basic 
services. It is worth mentioning here that Kennedy et al. (2014) reviewed previous 
urban metabolism studies in megacities before establishing the indicator set and 
the outcome of this review showed that there were no previous urban metabolism 
studies of Cairo (see Table 2-4). One of the most important recommendations of 
Kennedy et al.’s study (2014) was that low and middle-income countries should 
fill this gap and start to quantify and assess the urban metabolic flows of their 
cities.  
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Table 2-4: Megacities as of 2010, with preliminary assessment of urban 
metabolism (UM) and greenhouse gas (GHG) studies (note: GHG studies are 










Partial GHG study in early 2000s (Dhakal, 
2004) 
Mexico City Mexico 23,400,000 
GHG study for central city (8.7million) from 
2000. (ELAC, 2000) 
Delhi India 23,200,000 
Extended GHG study (incl. water and 
materials) by Chavez et al. (2012); early 
partial GHG study by Mitra et al. (2003) 




GHG studies of central city (8.2 million) 
conducted annually (also see Kennedy et 
al., 2009) 
São Paulo Brazil 20,900,000 
GHG study from 2000 (SVMA, 2005) 
UM study for municipality (11.3 
million; Hoornweg et al., 2012) 
Manila Philippines 19,600,000 
UM study for metro region (11.6 
million; Hoornweg et al., 2012); early partial 
GHG study by Mitra et al. (2003) 
Shanghai China 18,400,000 
Corresponds to provincial boundary; good 
data; several GHG studies published (e.g., 
Dhakal, 2009; Li et al., 2009; Sugar et al., 




UM study of LA county (9.5 million) by Ngo 








GHG study by Kennedy et al. (2009) 
Osaka Japan 16,800,000 GHG studies conducted annually 
Guangzhou China 16,500,000 
Megacity includes Foshan and does not 
correspond with provincial boundary. One 
published GHG study (Chong et al., 2012) 
Kolkata India 16,300,000 
Early partial GHG study by Mitra et al. 
(2003) 
Karachi Pakistan 16,200,000 No studies found 
Jakarta Indonesia 15,400,000 
UM study of central city (Hoornweg et al., 
2012); GHG study published for central city 
(Sugar et al., 2013) 
Cairo Egypt 15,200,000 No studies found 
Moscow Russia 13,600,000 No studies found 
Beijing China 13,600,000 
Corresponds to provincial boundary; good 
data; several GHG studies published. 
(e.g., Dhakal, 2009; Sugar et al., 2012; 
Chong et al., 2012); UM studies by Zhang et 
al. (2009) and Hoornweg et al. (2012). 
Dhaka Bangladesh 13,600,000 





UM study for municipality (2.9 
million; Hoornweg et al., 2012) 
Istanbul Turkey 12,800,000 No studies found 




GHG studies from 2005 (Dubeux and La 
Rovere, 2007) and 1998 (Rio Prefeitura 












GHG studies conducted annually for GLA 
(7.4 million; also see Kennedy et al., 2009); 
UM study for GLA in early 2000s (Chartered 
Institute of Wastes Management, 2002) 
Lagos Nigeria 11,800,000 No studies found 
Shenzhen China 10,400,000 No studies found 
Paris France 10,400,000 Published UM study (Barles, 2009) 
The urban metabolism indicator set consists of four parts that merge 
quantitative and qualitative layers of information relevant to the physical flows of 
resources and wastes through megacities, as well as the social dimensions of 
such flows (see Table 2-5) (Kennedy et al., 2014). 
Table 2-5: Layers of qualitative and quantitative information of the urban 




Kennedy et al. (2015) tested the indicator set to measure and compare the 
flow of materials of the world’s 27 megacities. Data was collected from 2001 to 
2011 to examine the changes in the flow of materials over a period of ten years. 
Quantifying energy and resource consumption of the world’s megacities shows 
the huge amount of resources being consumed and waste generated in 
megacities (see Figure 2-13). The flows of materials differ from one city to another 
based on its characteristics. Comparing the flow of materials of the world’s 
megacities enabled Kennedy et al. (2015) to identify the key challenges for each 
megacity based on its resource consumption and specific characteristics that 
affect its flow of materials. 
 
Figure 2-13: Megacity resource and waste flows as a percentage of world values 
(Kennedy et al., 2015). 
Furthermore, Facchini et al. (2017) used the multi-layered indicator set 
that was developed by Kennedy et al. (2014) and the data that was collected by 
Kennedy et al. (2015) to compare the energy metabolism of the world’s 27 
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megacities. Facchini et al. (2017) focused on energy metabolism to better 
understand the relationship between energy flows and different urban systems. 
The comparison included the sources of energy, energy consumption by sector, 
electricity generation mix, electricity consumption by sector and mobile energy 
(Figure 2-14).   
 
Figure 2-14: Share of different energy sources for end-use stationary energy 
consumption (Facchini et al., 2017).  
Facchini et al. (2017) found that per capita energy consumption scales 
with urban population density, indicating that high-density cities (compact cities 
as mentioned in the study) are more energy-efficient than low-density cities 
(dispersed cities as used in the study). However, if the urban density exceeded 
10,000 inhabitants per square kilometre the energy savings become less. This 
shows that cities with more than 10,000 inhabitants per square kilometre should 
develop other energy efficiency strategies. The study also revealed that the 
highest energy consumption is from the residential sector in most of the 
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megacities that are located in developing countries (such as Cairo, Kolkata, 
Mumbai and Delhi). The energy consumption of the residential sector is expected 
to increase in the future due to more rapid urbanization in the developing 
countries. This requires the development of the energy strategies and replacing 
traditional fuels with other renewable sources of energy to meet the increasing 
demand for energy and to reduce the emissions of the residential sector.  
  Both Kennedy et al. (2015) and Facchini et al. (2017) used the multi-
layered indicator set to better understand the urban metabolism and the flow of 
materials of the world’s megacities. However, the multi-layered indicator set could 
be applied to other urban agglomerations, not only megacities (Facchini et al., 
2017).  
2.3.6.2 Developed countries: case studies 
Codoban and Kennedy (2008) used urban metabolism as a framework to assess 
the sustainability of four neighbourhoods in Toronto. They excluded the 
construction materials of buildings and focused on the water, energy and food as 
inflows, and solid waste and wastewater as outflows. Codoban and Kennedy 
(2008) followed the five steps of the material flow analysis (MFA) to assess the 
inflows and outflows of the neighbourhoods. The five methodological steps of the 
(MFA) includes the following:  
1. Definition of the scope and purpose of the study. 
2. System description. 
3. Data collection. 
4. Material balances, modelling and scenario building. 
5. Interpretation of the results. 
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The researchers provided a full description for the data collection as they 
mentioned that ‘the biggest challenge of this study was to find reliable data’ 
(Codoban and Kennedy, 2008, p.22). The data at the neighbourhood level was 
rare; they had to use multiple sources of data. Even when the Canadian data was 
not found they had to use data from other countries. By assessing the inflows and 
outflows of the four neighbourhoods, Codoban and Kennedy (2008) were able to 
identify deficiencies in the urban systems that affect sustainable resource 
management. They suggested reducing the use of energy and water and make 
it more efficient. In addition, they highlighted the importance of increasing the use 
of solid waste and wastewater to close the metabolic flows and to reduce 
environmental impacts.  
Moles et al. (2008) employed the Metabolism Accounting and Modelling of 
Material and Energy Flows and Sustainable Development Index Modelling to 
assess the performance of 79 Irish settlements towards sustainable 
development. The aim of this study was to test the applicability of both methods, 
to compare the results and identify the most important characteristics of the 
selected settlements that influence sustainability. Moles et al. (2008) focused on 
the transport, energy, waste, water and food flows to assess the flow of materials 
in the selected settlements. The main purpose of assessing the flow of materials 
was to change the linear flows of materials to circular flows. Interestingly for this 
thesis, a questionnaire was developed to overcome the lack of data. Additionally, 
a huge amount of data was analysed for each settlement that was not practical 
(Moles et al., 2008). The outcome of this comparative study enabled Moles et al. 
(2008) to identify the main characteristics that have a great impact on the 
performance of the case studies towards sustainable development. These 
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characteristics assisted Moles et al. (2008) to develop a set of 40 sustainability 
indicators divided into four main categories: transport; environmental quality; 
equity and quality which they found were the most important indicators for 
sustainability.  
Barles (2009) tested the applicability of the material flow analysis (MFA) 
on a regional and urban scale in France. MFA is broadly used at a national scale, 
but not in developing countries (Barles, 2009). Barles (2009) suggested that it 
should be tested on a smaller scale to better understand the flow of materials and 
make better decisions to reduce the use of materials. Decisions were made all 
through the study based on the availability of data (quality and quantity) to 
conduct an adequate MFA study. At the beginning of the study, Barles (2009) 
chose Paris to test the MFA, then expanded her scope to take in not just Paris 
and its suburbs but also the greater region of Paris. Data was collected for the 
year 2003 due to its availability. Barles (2009) explained how she was able to 
obtain this data and whether it was available or not, in some cases, she had to 
make assumptions or used different sources to reach the most accurate data. 
Sharing this information with other researchers is important because one of the 
major challenges of MFA studies is the availability of accurate data. The outcome 
of this study shows that the flow of materials varies from one place to another 
based on its characteristics. These characteristics include the type of activities 
and the density of urban areas. In this study, the flow of materials in Paris was 
different from the surrounding suburbs and the greater region of Paris. Barles 
(2009) compared the results of the case study with other cities (Hamburg, Vienna 
and Leipzig), but the comparison was impractical because various methods were 
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used to assess the flow of materials and the cities differed in size, density and 
other features.  
The lack of data at the city level is a common problem in most of the 
material flow accounting MFA studies. To overcome the limitations of MFA 
studies, Niza et al. (2009) established a novel method that mostly relies on 
existing published data. An existing methodology, EUROSTAT (2001), that was 
originally designed to quantify material flows at a national level was customized 
to apply it on a smaller scale. The method was tested to quantify the material 
flows of Lisbon city for 2004. Niza et al. (2009) were able to calculate the material 
balance of Lisbon city and to examine the validity of the results they compared 
with other published data and compared the results with previous MFA case 
studies. This study shows how to make use of the existing published data, 
customize existing methods to fit in another purpose and make assumptions 
whenever required. Moreover, examining the efficiency of the new method by 
comparing the results with other similar case studies or other sources of data.  
Most urban metabolism studies focus on assessing the flow of materials 
and ignore the resource demand of cities. Keirstead and Sivakumar (2012) 
outlined the importance of assessing the resource demand of cities to design and 
provide the equitable infrastructure that has a great impact on the efficient use of 
resources. Keirstead and Sivakumar (2012) employed activity-based modelling 
(land use and transportation, LUT) that was developed for Toronto to assess the 
electricity and natural gas demands in London. The land-use and transportation 
(LUT) approach is originally used to calculate the travel demand due to the land 
use changes by assessing individuals’ activities within a study area. In the study, 
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the same approach was employed to assess the resource demands. The model 
includes the following steps: case study definition, input data gathering, generate 
activity schedules and convert these schedules to resource demands (Keirstead 
and Sivakumar, 2012). This model requires a huge amount of data, in this study, 
the researchers used data on the travel behaviour of Toronto when London’s data 
was not available. Despite the difference between London and Toronto, Keirstead 
and Sivakumar (2012) clarified that these differences were acceptable for the 
present analysis. The use of such models is not essential for all aspects of urban 
metabolism. However, Keirstead and Sivakumar (2012) recommended the use 
of activity-based modelling when the demand of specific resources is variable 
(such as energy) in order to design effective infrastructure. 
Previous urban metabolism studies indicate that the flow of materials 
varies from one place to another based on the characteristics of each place. This 
shows that urban metabolism can be used as a tool to identify the environmental 
quality of urban areas (González et al., 2013). Urban metabolism was integrated 
into the impact assessment process to form a decision-support system (DSS). 
The DSS combines qualitative (environmental and socio-economic) and 
quantitative (components of the urban metabolism) data to enable decision-
makers to evaluate the urban planning alternatives and development based on 
the impact of each alternative on the efficient use of resources and the 
environmental quality of urban areas (González et al., 2013). The DSS was 
developed by the European FP7 project BRIDGE (sustainaBle uRban plannIng 
Decision support accountinG for urban mEtabolism) and was tested on five 
European cities (Athens, Firenze, Gliwice, Helsinki and London). The size and 
scope of the five European cities were different based on their political priorities. 
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This study was different from other urban metabolism studies as it revealed the 
importance of studying the flow of resources and pollutants within cities and the 
impact of the urban planning and infrastructure on the efficiency of resource 
consumption and the outputs of cities.  
Rosado et al. (2014) developed the urban metabolism model to overcome 
the lack of a unified methodology for material flow accounting (MFA) studies. The 
focus of this model was on quantifying the flow of materials and stocks from 2003 
to 2009 and their correlation with the economic activities. This model includes 
types of materials, and economic activities and their drivers for resource 
consumption. Moreover, this model can only be used for material flow accounting 
studies within the European Union since it is based on the Eurostat standard 
statistical data for products to overcome the lack of reliable data. The proposed 
model was tested on Lisbon Metropolitan Area. Results of this study were 
compared with other MFA studies that used different approaches to validate the 
new model. This model is not suitable for material flow accounting studies in 
developing countries because a huge amount of data is required. 
Sustainable urban development differs from one place to another as it 
depends on the local conditions of urban areas (Rosado et al., 2017). Urban 
metabolism also differs from one place to another. Understanding the drivers of 
resource consumption and the flow of materials in urban areas is important to 
identify the suitable strategies to achieve the sustainable development goals. 
Rosado et al. (2017) used the material flow accounting indicators to identify the 
urban metabolism characteristics of three different cities in Sweden (Stockholm, 
Gothenburg and Malmo). Drawing on Rosado et al. (2014)’s urban metabolism 
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model, Rosado et al.’s study (2017) was based on the economic activities of the 
selected case studies. Data were collected from 1996 to 2011. Eight different 
urban metabolism characteristics were developed in this study (see Table 2-6). 
The main focus of these characteristics is to evaluate the resiliency of the 
selected case studies from an economic perspective. None of these 
characteristics included the environmental, social and biophysical conditions and 
the quality of the existing infrastructure, although they have a huge impact on the 
urban metabolism characteristics.  
Table 2-6: The material flow accounting indicators to describe the urban 
metabolism characteristics (Rosado et al., 2017). 
 
  Gonzalez-Garcia et al. (2018) developed a multi-criteria approach to 
evaluate the performance of 26 Spanish cities towards sustainable development. 
This approach includes three methodologies: Material Flow Analysis (MFA), Life 
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Cycle Assessment (LCA) and Data Envelopment Analysis (DEA). MFA, as 
previously explained, is a method used in urban metabolism studies to quantify 
the inputs and outputs of cities or urban areas. The life cycle analysis (LCA) is a 
method used to identify the environmental impacts of products. However, in this 
study, it is combined with the material flow analysis to quantify the direct and 
indirect environmental impacts of cities metabolism (Gonzalez-Garcia et al., 
2018). Data envelopment analysis (DEA) is a linear programming methodology 
used to evaluate the relative efficiency of a set of comparable entities called 
decision-making units (DMUs) with multiple inputs and outputs (Cooper et al., 
2007). The objective of this integration was to develop a new approach that 
integrates the urban metabolism components with the three pillars of 
sustainability; social, economic and environmental indicators to assess the 
sustainability of cities and categorize them based on the level of efficiency 
(efficient and inefficient cities). Data for this study were collected from 2005 to 
2014. Results of such studies are intended to provide decision-makers with 
detailed scientific data that could improve the development of sustainable 
strategies and the efficiency of the urban metabolism of cities by addressing the 
environmental, social and economic indicators that reduce the level of efficiency 
of cities (Gonzalez-Garcia et al., 2018). 
2.3.6.3 Developing countries and China: case studies 
Previous urban metabolism studies indicate a relationship exists between land 
use and urban metabolism. Huang and Chen (2009) explored the relationship 
between the socioeconomic metabolism of Taipei and its urbanization. The 
emergy synthesis was employed to investigate the socioeconomic metabolism of 
Taipei. Emergy is defined as, 
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all the available energy that is used, directly and indirectly, in making a 
product, expressed in units of one type of energy; transformity is the 
emergy of one type required to make a unit of energy of another type 
(Huang and Chen, 2009, p.78; Odum 1996). 
Huang and Chen (2009) outlined the importance of the emergy synthesis to better 
understand the quality of energy material flows rather than simply measuring the 
inputs and outputs of materials. The emergy concept was used to explore Taipei 
urban areas and its surroundings; undeveloped forests and agricultural areas for 
years 1982, 1992 and 2002. Additionally, Huang and Chen (2009) used satellite 
images for Taipei from 1992 to 2002 to explore the land changes associated with 
the rapid urbanization of the city. The outcome of the study shows that 
urbanization had a great impact on the socioeconomic metabolism of Taipei. The 
increased demand for energy and other resources exceeded the capacity of the 
natural ecosystem. Most of the energy and material flows of the surrounding 
areas were directed towards Taipei. Huang and Chen (2009) highlighted that 
Taipei’s economy is strongly tied by its surroundings and it is vital to reduce the 
urban sprawl in these areas to improve the performance of Taipei towards 
sustainable development. 
Zhang et al. (2009a) compared three Chinese megacities: Beijing the 
capital of China, Shanghai and Guangzhou. The comparison was based on 
emergy analysis over a period of 15 years (from 1990 to 2005). The study 
considered the following perspectives for the emergy analysis: emergy intensity; 
resource structure; environmental pressure and resource use efficiency. Zhang 
et al. (2009a) presented the main characteristics of each case study by explaining 
 80 
its biophysical and geographical characteristics; economic and industrial 
structure; resource consumption and pollution. The emergy analysis in this study 
enabled the researchers to identify which megacity has the highest economic 
growth and to what extent this growth is dependent on fossil fuels or renewable 
energy resources, and which has the highest levels of pollution and 
environmental pressures. The results of the emergy analysis of the three 
megacities were compared with previous studies of Taipei and Macao. The 
comparison showed that the emergy analysis varies from one place to another 
based on the specific characteristics of each city. Additionally, Zhang et al. 
(2009a) indicated that the deindustrialization and economic reconstruction of 
China have a great impact on the urban sustainability that should be considered 
in the future. 
Zhang et al. (2009b) presented a new method that combined emergy 
analysis with ecological network analysis to explore the structure and function of 
the urban metabolic systems. Emergy analysis was used to quantify eco-flows 
(materials, energy and currency flows). Zhang et al. (2009b) preferred to use this 
method that was originally developed by Odum (1996) because it transfers all the 
quantities to one unifying unit, the solar emjoule (sej). An ecological network 
model was developed to assess the ecological relationships between the five 
basic components of an urban metabolic system that were identified in this study. 
These five components are: the internal and the external environment, the 
agricultural, industrial and domestic sectors. The proposed method was tested 
on four Chinese cities (Beijing, Shanghai, Tianjin and Chongqing). The results of 
study indicated the importance of exploring the relationships between the 
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structure and function of an urban metabolic system rather than focusing only on 
quantifying the inputs and outputs of the flow of materials. 
Yang et al. (2012) used the emergy synthesis framework to explore the 
use of resources and the environmental impact of their case study, Xiamen. To 
study the urban household metabolism of Xiamen, two different areas were 
selected. The first is a highly urbanized island in Xiamen and the other is less 
urbanized. Data were obtained from the Statistical Yearbook of Xiamen, 
questionnaire surveys and face-to-face surveys with well-informed respondents 
of the inflows and outflows of the selected areas. Results were compared using 
the urban spatial conceptual framework. The urban spatial conceptual framework 
was presented in previous studies to explore the environmental impacts of urban 
areas. It divides the urban areas into the Urban Sprawl Region (USR) and the 
Urban Footprint Region (UFRs) (Yang et al., 2012). The integration of the emergy 
synthesis framework and the urban spatial conceptual framework enabled the 
researchers to compare the efficient use of resources and the environmental 
impacts of both urban areas. The findings of the study show that urban household 
metabolism varies from one place to another. It is highly affected by the urban 
and social context. Yang et al. (2012) indicated that changing the behaviour and 
lifestyle of households could improve urban sustainability. 
Miller et al. (2013a) quantified the end-use energy intensity (EUEI) and the 
greenhouse gas emissions of the water and wastewater infrastructures in India. 
They then calculated the share of the water and wastewater infrastructures to the 
total urban energy metabolism of the Indian cites. Additionally, the EUEI and the 
greenhouse gas emissions of the Indian cities were compared with cities in the 
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United States. All through the study, Miller et al. (2013a) demonstrated the lack 
of data and how it influenced their work, for example, water data did not include 
the quality of water and the type of treatment, the distance and pressure required 
to pump water from the water treatment plants to other places, all these factors 
will have a great impact on the energy consumption and GHG emissions in the 
water sector. Miller et al. (2013a) noted that it was the first study to quantify the 
end-use of energy intensity for the water and wastewater sectors for rapidly 
industrializing cities. The outcome of the study shows that the water and 
wastewater infrastructures have a considerable share of the urban energy 
metabolism of the Indian cities. The authors highlighted the importance of such 
studies in the future to improve infrastructure and to reduce greenhouse gas 
emissions.  
2.3.6.4  Africa: case studies 
By 2050, most of the rapid urbanization will be in Africa and Asia. African 
countries are being challenged by urbanization, limited resources and the 
impacts of climate change. Existing sustainable development studies do not 
consider the impacts of urbanization on the increasing demand for resources 
(Currie and Musango, 2017). Furthermore, many of the existing development 
strategies in Africa are ineffective because they are not based on a scientific 
background (Currie and Musango, 2017). Currie and Musango (2017) highlighted 
the importance of conducting urban metabolism studies for African cities to 
explore resource flows. These studies enable a better understanding of the local 
characteristics and promote sustainable development strategies that fit in the 
African context (referring to the informal settlements and informal economy) 
rather than following the same approaches of the developed nations. In general, 
 83 
most of the existing urban metabolism studies are for cities in developed nations 
and there are few studies for cities in developing countries due to the limited 
research capacity and funding (Currie and Musango, 2017). The major 
challenges of the urban metabolism studies in Africa are the lack of reliable data 
at the city level, the methods of data collection are inconsistent and the 
complexity of tracking the flow of resources in informal settlements (Currie and 
Musango, 2017). 
Currie and Musango (2017) employed the urban metabolism approach to 
explore resource consumption (water, fossil fuels, biomass and electricity) and 
carbon dioxide emissions of 120 African cities. Unlike previous urban metabolism 
studies that measured resource consumption of cities over a period of time, data 
for this study were collected for the year 2010 only. To overcome the lack of 
reliable data at a city level, the data was estimated (scaled down) from the 
national resource data. Then cities were categorized into ten different groups 
based on their resource consumption and carbon dioxide emissions to determine 
the priorities of resource development strategies. As some cities will need to 
focus on resource efficiency strategies and other cities will need to focus on 
increasing resource access and the per capita resource consumption. It is worth 
noting here that the results of Currie’s and Musango’s study (2017) shows that 
Cairo7 had the highest annual total resource consumption compared to the rest 
of Africa’s cities. However, the resource consumption per capita of Cairo was less 
than other cities, but it is still considered high due to its large population (Figure 
2-15). 
 
7 Cairo refers to Greater Cairo Region in Currie’s and Musango’s study (2017). 
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Figure 2-15: Resource intensity of African cities for 2010 as estimated from 
national data (Currie and Musango, 2017). 
Hoekman and Blottnitz (2017) modified the Eurostat framework to explore 
the urban metabolism of Cape Town, South Africa. The Eurostat framework was 
previously used to explore the urban metabolism of the European countries so in 
this study it was modified to fit in the African context. Data for this study were 
collected for the year 2013 only, unlike previous urban metabolism studies. Like 
many other researchers, Hoekman and Blottnitz (2017) shed light on the absence 
of a standardized methodology for urban metabolism studies. Although new 
urban metabolism approaches target the available data to reduce the time and 
effort for data collection, Hoekman and Blottnitz (2017) described the difficulty of 
the data collection process in this study. They pointed out that the quality of data 
for resource flows are significantly different. Hoekman and Blottnitz (2017) 
described the data that is monitored by the government is considered as high-
quality data. However, this data is inaccessible as it is only provided upon 
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request. The urban metabolism of Cape Town was compared with other cities in 
Europe that have used the same framework and two previous studies in the 
Global South that used different methodologies. The outcome of this comparison 
with European cities indicated that resource consumption of European cities 
(such as Paris) is higher than Cape Town. This was previously explained in this 
chapter as the level of resources accessibility is higher in developed countries 
than in developing countries. The quality of infrastructure and economic and 
industrial development also requires more resources that is higher in developed 
countries than in developing countries. Hoekman and Blottnitz (2017) suggested 
for future urban metabolism studies that the inequality of resource consumption 
(high and low-income residents) should be considered, the resource flows should 
be assessed for longer periods of time to identify the patterns of resource 
consumption and finally increase the data publicly.  
  The lack of reliable data is a common problem in urban metabolism studies 
all over the world, specifically the flows of food, materials and informal goods 
(Currie et al., 2017). This problem also exists in the flows of water and energy in 
the Global South (Currie et al., 2017). The lack of data has a huge impact on the 
number of urban metabolism studies in the Global South compared to other 
studies in the Global North and China. Since most urbanization is expected to be 
in the Global South, and there is a substantial need for such studies. Previous 
urban metabolism studies vary from simple urban metabolism assessments to 
more complicated and in-depth analysis that is based on data availability. Currie 
et al. (2017) employed a simple urban metabolism assessment to explore the 
resource consumption of Cape Town. The urban metabolism approach in this 
study is based on an existing multi-layered indicator set that was developed by 
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Kennedy et al. (2014). The flows of people, housing and transportation and the 
climate change risks in Cape Town were added in this study. The climate change 
risks in Cape Town are an important indicator to develop adequate climate 
change adaptation strategies. The flow of people affects the metabolism of cities 
and identifies the daily resource requirements (Currie et al., 2017). The 
transportation sector determines the use of energy and greenhouse gas 
emissions. Data for this study was collected from secondary data resources 
(available information and previous studies on Cape Town). Like many other 
African cities, 21% of Cape’s Town households live in informal settlements with 
minimal access to basic services (water, electricity, sanitation and waste 
collection) (Currie et al., 2017). Currie et al. (2017) presented the challenges of 
the water, energy, food, housing, solid waste and transportation sectors and 
suggested the following intervention opportunities for each flow as presented in 
Table 2-7. Furthermore, Currie et al. (2017) explained that the concept of nexus 
suggests that any changes occurring in the flow of one of the resources will have 
impacts on other flows and that all resources are interlinked. This leads to the 
need of an integrated approach for resource management and infrastructure 






































































2.3.6.5 Egypt: case studies  
The Greater Cairo Region was part of urban metabolism comparative studies for 
the world's megacities. Some other cities in Egypt including the Greater Cairo 
Region were part of an urban metabolism comparative study for some African 
cities. After reviewing urban metabolism studies, the author found that there is 
only one published (conference proceedings) study that focused on the Greater 
Cairo Region. Attia and Khalil (2015) employed the urban metabolism approach 
(material flow analysis) to assess the flow of water and the quality of the water 
service in Imbaba district, one of the largest informal areas in the Greater Cairo 
Region, Egypt. This was part of their study to assess the quality of life in Imbaba. 
The case study, Imbaba district is an informal unplanned settlement that spread 
illegally on agricultural land and accommodates more than 1 million inhabitants 
(Attia and Khalil, 2015). Students from Cairo University were trained to use the 
geographic information system (GIS) and the urban metabolism information 
system and public participation techniques to facilitate the bottom-up data 
collection. Local non-governmental organizations (NGOs) and community-based 
organizations (CBOs) also participated in the field study. Students, local NGOs 
and the CBOs were able to engage Imbaba residents in roundtable discussions 
to gain better understanding of their priorities and concerns of the water services. 
At the same time urban data (land uses and building characteristics) was 
collected to produce GIS maps and water samples were collected to assess the 
water quality. The analysis of the flow of water in Imbaba indicates that the local 
conditions and the aging infrastructure have a huge impact on water quality. As 
the quality of the tested water samples from the water facilities and the Nile intake 
were better than the water quality in Imbaba (Attia and Khalil, 2015). This study 
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reveals the importance of understanding the local conditions to provide affordable 
and suitable solutions with minimal technological capacities for maintenance 
(Attia and Khalil 2015). Additionally, this study sheds light on the role of the non-
governmental organizations to increase the public participation in informal areas 
to facilitate the data gathering on resource consumption which is considered a 
huge challenge for urban metabolism studies in informal areas and where data is 
limited.  
2.5. Conclusion: 
Resource management has become crucial for urban sustainability in the Global 
South, where most future urbanization will take place. The existing literature 
shows that there is already extensive deployment of urban metabolism as a 
concept in the Global North and China. A variety of methods and tools have been 
developed and employed by researchers to assess the flow of materials of urban 
areas at different scales. The common outcome of those studies shows that 
measuring and assessing the flow of materials enables a better understanding of 
the challenges of resource management. Urban metabolism studies identify the 
deficiencies in urban ecosystems that affect the use and flow of resources that 
can have a great impact on the directions of future decisions for urban and 
infrastructure planning.  
Early urban metabolism studies started with a simple assessment of the 
inputs and outputs of case studies. Then researchers developed new tools and 
approaches that transformed the urban metabolism framework into an integrated 
approach to better understand the physical (such as resources flows, 
infrastructure and quality of services) and socio-economic characteristics that 
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affect the inputs (primary resources, such as renewable and non-renewable 
resources) and outputs (secondary resources, such as solid waste, wastewater 
and carbon dioxide emissions) of urban areas. 
Most of the previous urban metabolism studies focused on developing a 
new tool and testing it on a case study then compared the results with other case 
studies. Moreover, some researchers used existing tools that were previously 
developed by other scholars and applied them on new case studies. This shows 
that despite the increasing interest in the field of urban metabolism research, it is 
still lacking a unifying framework that could be applied worldwide to conduct 
comparative studies.  
Multiple sources of data are required for urban metabolism studies. The 
major challenges to urban metabolism studies are the lack of reliable data at a 
city level, this is a common challenge in developed countries (rich data) and 
developing countries (poor data). For the Global South, this is not the only 
challenge; the informal context of urban areas ends up with informal flow of 
materials and resources which makes it difficult to track these resources and the 
methods of data collection are inconsistent.  
Data availability has a great impact on researchers' decisions all through 
urban metabolism research, starting with the research approach, design and 
methods. The reviewed literature shows a variety approaches and tools that have 
been employed in urban metabolism studies. Some of these tools were 
successfully tested in the Global North, however due to the lack of reliable data 
and the informal areas these tools cannot be used in the Global South.   
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The existing literature on urban metabolism shows a huge gap for such 
studies in the Global South apart from China. This gap is addressed in this thesis 
by employing the urban metabolism framework to explore the challenges of 
resource management for urban sustainability in the Global South. The selected 
case studies were Cairo Governorate (the capital of Egypt) and the surrounding 
Governorates Giza and Qalyubia. The study customized an existing urban 
metabolism tool, the multi-layered indicator set that was developed by Kennedy 
et al. (2014). Due to the lack of reliable data and the informal context of some 
areas in the selected case studies, the most suitable tool was the multi-layered 
indicator set as it targets data that could be practically collected. It was previously 
tested in different contexts (the world's megacities). The study is also informed 
by a number of semi-structured interviews with members from public authorities 
and site visits (low, medium and high-density settlements). The interviews and 
the site visits were added to the multi-layered indicator set to overcome the 
ambiguity of the urban metabolism "black box" approaches and to consider other 
unquantifiable aspects aiming to gain better understanding of the challenges of 
resource management in Cairo Governorate. 
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3 Chapter Three: Methodology 
This chapter focuses on the research design and approach to explore the 
challenges of resource management for urban sustainability in the Global South. 
3.1 Research design and approach 
3.1.1 Convergent mixed methods case study design 
The literature review in Chapter 2 indicated that urban metabolism is an 
integrated approach that has been applied to better understand resource 
management. Most previous studies of urban metabolism employed the 
framework to measure and assess the flow of materials of a selected case study 
or to conduct comparative studies for a number of case studies. The outcome of 
these studies shows that urban metabolism studies should not be limited to 
measuring the inputs and outputs (primary and secondary resources) of cities. 
Understanding the environmental, social and economic and biophysical 
characteristics of cities enables researchers to develop sustainable strategies for 
resource management that fit in the characteristics of individual cities where 
these strategies are being implemented. In this study, to better understand the 
complex issues in resource management of Cairo Governorate, the research was 
guided by a mixed methods case study design. Mixed methods research 
combines qualitative and quantitative methods in one study to collect multiple 
forms of data that leads to a better understanding of the research problem and 
questions (Creswell, 2014). Johnson et al. (2007, p.123) defines the mixed 
methods research as,  
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Mixed methods research is the type of research in which a researcher or 
team of researchers combines elements of qualitative and quantitative 
research approaches (e.g., use of qualitative and quantitative viewpoints, 
data collection, analysis, inference techniques) for the breadth and depth 
of understanding and corroboration. 
A mixed methods case study is a type of complex mixed methods design 
where both qualitative and quantitative data are collected from multiple sources, 
analysed and the results are merged to gain a better understanding of a case 
study (Creswell and Plano Clark, 2017). A mixed methods case study designs 
provide a better understanding of complex case studies (Creswell and Plano 
Clark, 2017; Luck et al., 2006; Plano Clark and Ivankova, 2016). The use of mixed 
methods case study designs also provides a detailed level of description that 
presents a practical understanding of the case study (Creswell and Plano Clark, 
2017). To gain an in-depth understanding of the complex issues regarding 
resource management in Cairo Governorate the research utilized two principal 
data gathering methods: 1) a quantitative data collection to fill an existing multi-
layered indicator set; and 2) qualitative interviews with representatives from 
public authorities and site visits to explore the drivers and barriers to resource 
management. The research involved collecting and analysing existing published 
quantitative data and used social science methods to collect qualitative data, 
principally through semi-structured interviews. 
In this study, the convergent approach was used to implement the mixed 
methods case study design (see Figure 3-1). The convergent approach includes 
the following procedures:  
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§ Both qualitative and quantitative data are collected in parallel using the 
qualitative data collection approaches and quantitative data collection 
approaches. 
§ Qualitative and quantitative data are analysed separately using the 
qualitative data analyses approaches and quantitative data analyses 
approaches. 
§ Quantitative and qualitative results are merged to find out whether they 
confirm or disconfirm each other.  
§ The merged results are interpreted (Creswell, 2014; Creswell and Plano 
Clark, 2017). 
 
Figure 3-1: Convergent parallel mixed methods design (Creswell, 2014). 
In this study, the quantitative data and the qualitative data were collected 
and analysed separately. Then the results of the quantitative data and the 
qualitative data were merged and presented in Chapters 4, 5, 6 and 7. The 
purpose of this integration was to better understand the research problem (depth 
and breadth of the complex issues regarding the resource management in Cairo 
Governorate and the surrounding governorates). Figure (3-2) shows the research 
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approach and design for this study, this is followed by an in-depth explanation for 
each step. 
 
Figure 3-2: Research design and approach for this study, adapted from Creswell 
and Plano Clark (2011).  
Convergent Mixed Methods Case Study 
Research Design and Approach 
Quantitative 
§ To measure and assess the 
flow of materials by filling the 
multi-layered indicator set. 
Qualitative 
§ To explore drivers and 
barriers to resource 
management. 
Secondary data collection 
§ Official statistics 
§ Published reports 
§ Previous studies 
Primary data collection 
§ Semi-structured interviews.  
§ Site visits (low, medium and 
high-density settlements). 
Quantitative data analysis 
§ Procedures: the quantitative 
data was analysed using 
descriptive statistics in 
Microsoft Excel. 









The Urban Metabolism Framework 
Qualitative data analysis 
§ Procedures: transcripts were 
organized and coded in NVivo 
then followed a thematic 
analysis approach to generate 
themes and photos of site 
visits were organized and 
analysed.  
§ Product: themes. 
Merge quantitative and qualitative results 
§ Procedures: compared and related qualitative themes with quantitative 
results. 
§ Product: synthesized the merged results in a discussion. 
Interpretation 
§ Procedures: considered how the merged results produced a better 
understanding for research problem and questions. 










3.1.2 Quantitative data collection 
(Linked to answering research questions 1, 2 and 3, see Chapter 1) 
This research used an existing urban metabolism tool, the ‘multi-layered’ 
indicator set. The indicator set was developed by Kennedy et al. (2014) to collect 
data on spatial boundaries, constituent cities, population, economy, biophysical 
characteristics (climate, population density, building floor area), and metabolic 
flows (water, waste, materials, and all types of energy) of megacities. It also 
addresses the role of utilities in the provision of services and regulatory actions 
that, along with public governance, may influence the flow of materials (Kennedy 
et al., 2014). This ‘multi-layered’ indicator set guides the collection of data that 
can be used for the comparison of material flows of cities (the form of data 
collection is provided in Appendix 1). 
Although there are many urban metabolism tools that were successfully 
employed to assess the metabolism of cities (outlined in Chapter 2) the most 
suitable tool for this study was the multi-layered indicator set that was developed 
by Kennedy et al. (2014) because it targets data that could be practically 
collected. Other urban metabolism tools are more complicated and require data 
that is usually unavailable for cities in the Global South. The lack of reliable data 
is a common problem in developing countries (see Chapter 2). Moreover, I 
compared the data that is required to fill in the multi-layered indicator set with 
other urban metabolism tools. I found that the required data could be obtained by 
minimal customization to the existing multi-layered indicator set based on my 
personal experience.  
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Before testing the multi-layered indicator set in Cairo Governorate, the 
existing tool was customised by excluding or adding information and collecting 
data from multiple sources. This was an essential procedure to overcome the 
difficulty of tracking the flow of materials and the lack of reliable data at the city 
level in developing countries (see Chapter 2).  
In this study, the quantitative approach was used to collect numerical data 
and relevant information to fill in the multi-layered indicator set. The data was 
collected for Cairo Governorate. To understand the challenges of Cairo 
Governorate, the same data was collected for the surrounding Governorates of 
Giza and Qalyubia. Cairo Governorate and the urban parts of Giza and Qalyubia 
are the constituent cities of Greater Cairo Region that is considered one of the 
largest megacities in Africa (Kennedy et al., 2015). Additionally, it was important 
to compare the data of the three governorates with the whole country to ascertain 
and quantify, where possible, specific challenges and differences. The data for 
Cairo, Giza and Qalyubia Governorates and the whole country Egypt was 
collected from 2000-2001 to 2016-2017. The data was collected for more than 15 
years to identify the patterns of resource consumption and production over the 
years and to overcome the lack of accurate data in some situations. In some 
situations, data were excluded if it appeared inaccurate and in other situations 
the quality of the published reports was poor and the data was not clearly 
presented so the reports for specific years were excluded and replaced by other 
years (further explanation is provided in Chapters 4, 5, 6 and 7 and Appendix 12). 
The focus of data collection for the multi-layered indicator set was on 
population growth, biophysical characteristics, and the metabolic flows of the 
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selected case studies and the access to basic services. The metabolic flows 
focused on the flows of water, energy and electricity as examples of inputs of 
cities and the flows of wastewater and solid waste as examples of outputs of 
cities. The purpose of this selection is to provide a baseline for future urban 
metabolism studies in Egypt and for cities that have similar characteristics in 
developing countries.  
The quantitative data was collected from the following secondary data resources: 
§ Official statistics. 
§ Published reports. 
§ Previous studies. 
Official statistics were taken from reports published by the government that 
include data on the population, GDP (Gross Domestic Product), primary energy 
resources, energy mix, electricity consumption, waste generation, treatment and 
collection percentages, and so on. The official statistics, published reports and 
previous studies that were used in this study to obtain data on the population, 
economy, the biophysical characteristics, energy, electricity, water, wastewater 
and solid waste for Egypt and Cairo, Giza and Qalyubia Governorates are 
presented in Table 3-1. The reasons for selecting or excluding specific reports 






Table 3-1: Sources of secondary data collection for each sector. 





§ Abdel-Shafy, H., El-Saharty, A., Regelsberger, M. & 
Platzer, C., 2010, Rainwater in Egypt: quantity, 
distribution and harvesting, Mediterranean marine 
science, vol. 11, no. 2, pp. 245-257. 
§ CAPMAS 2017d, Population, Housing and 
Establishment Census, Egypt Census 2017, Central 
Agency for Public Mobilization and Statistics, Egypt. 
§ CAPMAS 2019, Current Population [Homepage of 
Central Agency for Public Mobilization and Statistics] 
[Online]. 
Available: https://www.capmas.gov.eg/HomePage.aspx 
[Accessed: 2 February 2019]. 
§ CAPMAS 2018d, Egypt Statistical Yearbook 
2018, Central Agency for Public Mobilization and 
Statistics, Egypt. 
§ CAPMAS 2017f, Tables of the Most Important 
Characteristics and Indicators of the General Census of 
Population, Housing and Establishments 2017, Central 
Agency for Public Mobilization and Statistics, Egypt. 
§ CAPMAS 2016a, Egypt Statistical Yearbook 
2016, Central Agency for Public Mobilization and 
Statistics, Egypt. 
§ CAPMAS 2012b, Egypt in Figures 2012, Central 
Agency for Public Mobilization and Statistics, Egypt. 
§ CAPMAS 2011a, Egypt in Figures 2011, Central 
Agency for Public Mobilization and Statistics, Egypt. 
§ CAPMAS 2009, Egypt in Figures 2009, Central Agency 
for Public Mobilization and Statistics, Egypt. 
§ CAPMAS 2007a, Egypt in Figures 2007, Central 
Agency for Public Mobilization and Statistics, Egypt. 
§ CAPMAS 2006a, Egypt in Figures 2006, Central 
Agency for Public Mobilization and Statistics, Egypt. 
 100 
§ CAPMAS 2003a, Egypt in figures 2002, Central Agency 
for Public Mobilization and Statistics, Egypt. 
§ DTU, 2018a, Global Wind Atlas, Arab Republic of 
Egypt [Homepage of The World Group Bank] [Online]. 
Available: https://globalwindatlas.info/en/area/Arab%20
Republic%20of%20Egypt?print=true [Accessed: 23 
February 2019]. 
§ DTU, 2018b, Global Wind Atlas, World [Homepage of 
The World Bank Group] [Online]. 
Available: https://globalwindatlas.info/en/downloads/Wo
rld [Accessed: 24 February 2019]. 
§ FAO 2016, AQUASTAT Country Profile- Egypt, Food 
and Agriculture Organization of the United Nation 
(FAO), Rome, Italy. 
§ GOPP 2012, Greater Cairo Urban Development 
Strategy, Part 1: Future Vision and Strategic Direction, 
The General Organisation for Physical Planning, Egypt. 
§ IMF 2019, World Economic Outlook (October 2019) - 
Unemployment rate [Homepage of International 
Monetary Fund] [Online]. 
Available: https://www.imf.org/external/datamapper/LU
R@WEO [Accessed: 30 March 2020]. 
§ IMF DataMapper 2018a, Country Data, 
Egypt [Homepage of International Monetary Fund] 
[Online]. 
Available: https://www.imf.org/en/Countries/EGY [Acces
sed: 13 February 2019]. 
§ IMF DataMapper 2018b, World Economic Outlook, 
People, Unemployment Rate [Homepage of 
International Monetary Fund] [Online]. 
Available: https://www.imf.org/external/datamapper/LU
R@WEO/ADVEC/EGY [Accessed: 13 February 2019]. 
§ MPMAR, 2019, Economic Indicators- GDP [Homepage 
of Ministry of Planning Monitoring and Administrative 
Reform] [Online]. 
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Available: http://mpmar.gov.eg/ [Accessed: 8 February 
2019]. 
§ Solargis 2017a, Global Solar Atlas, Egypt [Homepage 
of The World Bank Group] [Online]. 
Available: https://globalsolaratlas.info/downloads/egypt 
[Accessed: 23 February 2019]. 
§ Solargis 2017b, Global Solar Atlas, World [Homepage 
of The World Bank Group] [Online]. 
Available: https://globalsolaratlas.info/downloads/world [
Accessed: 24 February 2019]. 
§ The World Bank 2019a, Average precipitation in depth 
(mm per year) [Homepage of The World Bank Group] 
[Online]. 
Available: https://data.worldbank.org/indicator/ag.lnd.pr
cp.mm?view=map [Accessed: 22 February 2019]. 
§ The World Bank 2019b, DataBank World Development 




Y [Accessed: 9 February 2019]. 
§ The World Bank Group 2018, Global Wind 
Atlas [Homepage of The World Bank Group] [Online]. 
Available: https://globalwindatlas.info/ [Accessed: 10 
February 2019]. 
§ The World Bank Group 2016b, Global Solar 
Atlas [Homepage of The World Bank Group] [Online]. 
Available: https://globalsolaratlas.info/ [Accessed: 10 
February 2019]. 
§ UNDP 2003, Egypt Human Development Report 
2003, United Nations Development Programme and the 
Institute of National Planning, Cairo, Egypt. 
Data Sources of secondary data 
2. Energy and 
electricity 
§ Cabinet of Ministers 2016, Sustainable Development 
Strategy: Egypt Vision 2030, Cabinet of Ministers, Egypt. 
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§ CAPMAS 2018d, Egypt Statistical Yearbook 
2018, Central Agency for Public Mobilization and 
Statistics, Egypt. 
§ CAPMAS 2017b, Electricity and Energy annual report 
2015-2016, The Central Agency for Public Mobilization 
and Statistics, Egypt. 
§ CAPMAS 2017c, The Energy Balance 2015-2016 Report, 
The Central Agency for Public Mobilization and Statistics, 
Egypt. 
§ CAPMAS 2017d, Population, Housing and Establishment 
Census, Egypt Census 2017, Central Agency for Public 
Mobilization and Statistics, Egypt. 
§ CAPMAS 2017f, Tables of the Most Important 
Characteristics and Indicators of the General Census of 
Population, Housing and Establishments 2017, Central 
Agency for Public Mobilization and Statistics, Egypt. 
§ CAPMAS 2016a, Egypt Statistical Yearbook 
2016, Central Agency for Public Mobilization and 
Statistics, Egypt. 
§ CAPMAS 2016b, Electricity and Energy annual report 
2014-2015, The Central Agency for Public Mobilization 
and Statistics, Egypt. 
§ CAPMAS 2016c, Statistical Yearbook - Environment 
2016, The Central Agency for Public Mobilization and 
Statistics, Egypt. 
§ CAPMAS 2015a, The Energy Balance 2014-2015 Report, 
The Central Agency for Public Mobilization and Statistics, 
Egypt. 
§ CAPMAS 2015b, Statistical Yearbook - Environment 
2015, The Central Agency for Public Mobilization ad 
Statistics, Egypt. 
§ CAPMAS 2014b, The Energy Balance 2013-2014 Report, 
The Central Agency for Public Mobilization and Statistics, 
Egypt. 
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§ CAPMAS 2014c, The Future of Energy in Egypt 2014 
report, Central Agency for Public Mobilization and 
Statistics, Egypt. 
§ CAPMAS 2014d, Statistical Yearbook - Environment 
2014, The Central Agency for Public Mobilization and 
Statistics, Egypt. 
§ CAPMAS 2013a, Electricity and Energy annual report 
2011-2012, The Central Agency for Public Mobilization 
and Statistics, Egypt. 
§ CAPMAS 2012b, Egypt in Figures 2012, Central Agency 
for Public Mobilization and Statistics, Egypt. 
§ CAPMAS 2012c, Electricity and Energy annual report 
2010-2011, The Central Agency for Public Mobilization 
and Statistics, Egypt. 
§ CAPMAS 2011a, Egypt in Figures 2011, Central Agency 
for Public Mobilization and Statistics, Egypt. 
§ CAPMAS 2011b, Electricity and Energy annual report 
2009-2010, The Central Agency for Public Mobilization 
and Statistics, Egypt. 
§ CAPMAS 2009, Egypt in Figures 2009, Central Agency 
for Public Mobilization and Statistics, Egypt. 
§ CAPMAS 2008a, Electricity and Energy annual report 
2006-2007, The Central Agency for Public Mobilization 
and Statistics, Egypt. 
§ CAPMAS 2007a, Egypt in Figures 2007, Central Agency 
for Public Mobilization and Statistics, Egypt. 
§ CAPMAS 2007b, Electricity and Energy annual report 
2005-2006, The Central Agency for Public Mobilization 
and Statistics, Egypt. 
§ CAPMAS 2006a, Egypt in Figures 2006, Central Agency 
for Public Mobilization and Statistics, Egypt. 
§ CAPMAS 2004a, Electricity and Energy annual report 
2002-2003, The Central Agency for Public Mobilization 
and Statistics, Egypt. 
§ CAPMAS 2003a, Egypt in figures 2002, Central Agency 
for Public Mobilization and Statistics, Egypt. 
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§ CAPMAS 2003b, Electricity and Energy annual report 
2001-2002, The Central Agency for Public Mobilization 
and Statistics, Egypt. 
§ CAPMAS 2001, Electricity and Energy annual report 
1999-2000, The Central Agency for Public Mobilization 
and Statistics, Egypt. 
§ EgyptERA 2017, The Annual Report of the Electricity 
Consumption Indicators for the Economic Activities 2015-
2016, Egyptian Electricity Utility and Consumer Protection 
Regulatory Agency, Egypt. 
§ EgyptERA 2014, The Annual Report of the Electricity 
Consumption Indicators for the Economic Activities 2012-
2013, Egyptian Electricity Utility and Consumer Protection 
Regulatory Agency, Egypt. 
§ EgyptERA 2012, The Annual Report of the Electricity 
Consumption Indicators for the Economic Activities 2010-
2011, Egyptian Electricity Utility and Consumer Protection 
Regulatory Agency, Egypt. 
§ GOPP 2012, Greater Cairo Urban Development Strategy, 
Part 1: Future Vision and Strategic Direction, The General 
Organisation for Physical Planning, Egypt. 
Data Sources of secondary data 
3. Water and 
wastewater 
§ Abdel-Shafy, H., El-Saharty, A., Regelsberger, M. & 
Platzer, C., 2010, Rainwater in Egypt: quantity, 
distribution and harvesting, Mediterranean marine 
science, vol. 11, no. 2, pp. 245-257. 
§ AbuZeid, K.M. & Elrawady, M., 2014, 2030 Strategic 
Vision for Treated Wastewater Reuse in Egypt, Water 
Resources Management Program - CEDARE, Egypt. 
§ CAPMAS 2018b, The Annual Bulletin of Pure Water and 
Sanitation Statistics 2016-2017, Central Agency for Public 
Mobilization and Statistics, Egypt. 
§ CAPMAS 2018c, Egypt in Figures 2018, The Central 
Agency for Public Mobilization and Statistics, Egypt. 
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§ CAPMAS 2018d, Egypt Statistical Yearbook 
2018, Central Agency for Public Mobilization and 
Statistics, Egypt. 
§ CAPMAS 2017a, The Annual Bulletin of Drinking Water 
and Sanitation Statistics 2015-2016, Central Agency for 
Public Mobilization and Statistics, Egypt. 
§ CAPMAS 2017f, Tables of the Most Important 
Characteristics and Indicators of the General Census of 
Population, Housing and Establishments 2017, Central 
Agency for Public Mobilization and Statistics, Egypt. 
§ CAPMAS 2016a, Egypt Statistical Yearbook 
2016, Central Agency for Public Mobilization and 
Statistics, Egypt. 
§ CAPMAS 2014a, The Annual Bulletin for Drinking Water 
Purification, Distribution and Selling 2012-2013, Central 
Agency for Public Mobilization and Statistics, Egypt. 
§ CAPMAS 2012a, The Annual Bulletin for Drinking Water 
Purification, Distribution and Selling 2010-2011, Central 
Agency for Public Mobilization and Statistics, Egypt. 
§ CAPMAS 2012b, Egypt in Figures 2012, Central Agency 
for Public Mobilization and Statistics, Egypt. 
§ CAPMAS 2011a, Egypt in Figures 2011, Central Agency 
for Public Mobilization and Statistics, Egypt. 
§ CAPMAS 2010, Statistics of Water Collection, Purification 
and Distribution 2008-2009, Central Agency for Public 
Mobilization and Statistics, Egypt. 
§ CAPMAS 2008c, Statistics of Water Collection, 
Purification and Distribution 2006-2007, Central Agency 
for Public Mobilization and Statistics, Egypt. 
§ CAPMAS 2007c, Statistics of Water Collection, 
Purification and Distribution 2005-2006, Central Agency 
of Public Mobilization and Statistics, Egypt. 
§ CAPMAS 2006a, Egypt in Figures 2006, Central Agency 
for Public Mobilization and Statistics, Egypt. 
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§ CAPMAS 2006b, Statistics of Water Collection, 
Purification and Distribution 2004-2005, Central Agency 
for Public Mobilization and Statistics, Egypt. 
§ CAPMAS 2004b, Statistics of Water Collection, 
Purification and Distribution 2002-2003, Central Agency 
for Public Mobilization and Statistics, Egypt. 
§ CAPMAS 2003c, Statistics of Water Collection, 
Purification and Distribution 2001-2002, Central Agency 
of Public Mobilization and Statistics, Egypt. 
Data Sources of secondary data 
4. Solid waste § CAPMAS 2017d, Population, Housing and Establishment 
Census, Egypt Census 2017, Central Agency for Public 
Mobilization and Statistics, Egypt. 
§ CAPMAS 2017e, Statistics of Public Utility Services 
Supervised by the Local Councils 2016 Report, Central 
Agency for Public Mobilization and Statistics, Egypt. 
§ CAPMAS 2013b, Statistics of Public Utility Services 
Supervised by the Local Councils 2012 Report, Central 
Agency for Public Mobilization and Statistics, Egypt. 
§ CAPMAS 2008b, Statistics of Public Utility Services 
Supervised by the Local Councils 2006 Report, Central 
Agency for Public Mobilization and Statistics, Egypt. 
§ CAPMAS 2012b, Egypt in Figures 2012, Central Agency 
for Public Mobilization and Statistics, Egypt. 
§ Hoornweg, D. & Bhada-Tata, P. 2012, What a Waste: A 
Global Review of Solid Waste Management, World Bank, 
Washington, DC. 
§ SWEEP-Net 2014, Country Report on the Solid Waste 
Management in Egypt, GIZ, Egypt. 
§ Zaki, T., Kafafi, A.G., Mina, M.B. & Abd El- Halim, M., 
2013, Annual Report for Solid Waste Management in 
Egypt, 2013, Ministry of State for Environmental Affairs, 




3.1.3 Quantitative data analysis and interpretation 
This study followed the quantitative data analysis and interpretation procedures 
for mixed methods research that were developed by Creswell and Plano Clark 
(2017). These procedures are presented in Table 3-2. 
Table 3-2: The procedures of the quantitative data analysis and interpretation for 
this study. 
Procedures of quantitative data analysis and interpretation 
1. Preparing data 
for analysis 
In this stage, I used the Excel Software and I started to 
create a sheet for each layer of information 
(population, economy, biophysical characteristics, 
metabolic flows and the access to basic services) then 
I created sub-sheets for each topic. For example; for 
the metabolic flows I created a sheet for each sector 
that included the following sectors: the water, energy, 
electricity, wastewater and solid waste. Then each 
sector included data on its sources, production and 
consumption from 2000-2001 to 2016-2017. 
2. Exploring the 
data 
In this stage, I started to create tables to fill in the data 
for each sector or topic. This was a critical step 
because I had to revise all the previously collected 
data several times to use the most accurate and 
consistent data for each sector.  
3. Analysing the 
data 
Then I conducted descriptive analysis for each sector 
to identify the trends of growth over the years and to 
identify the patterns of resources production and 
consumption. 
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4. Representing the 
data 
I used the Excel Software to create charts, graphs and 
tables to summarize and represent the results of the 
quantitative data analysis. The quantitative results 
were merged with the qualitative results and presented 
in Chapters 4, 5, 6 and 7. 
5. Interpreting the 
results 
In this stage, the merged quantitative and qualitative 
results were interpreted in a discussion and presented 
in Chapter 8. The purpose of this discussion was to 
explain whether the results and findings answer the 
research questions and relate to previous studies in 
literature. In addition, to identify the limitations of the 
study and the implications for future research.  
 
3.1.4 Qualitative data collection  
(Linked to research questions 1, 3 and 4, see Chapter 1) 
This study used a qualitative approach to gain a better understanding of the 
complex factors that affect decision-making and the drivers and barriers to the 
efficient flow of materials in Cairo Governorate. Semi-structured interviews were 
conducted to examine the role of utilities and other public institutions in the 
provision of services and regulatory actions that influence resource management 
in Cairo Governorate and the government’s future plans. Site visits to different 
settlements (low, medium and high-density) in Cairo Governorate were also 
undertaken to examine the urban characteristics that affect the quality of the flow 
of resources.  
The qualitative data was collected from primary data resources:  
§ Semi-structured interviews: 
(Informs answers to research questions 1 and 4, see Chapter 1) 
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Semi-structured interviews were conducted with representatives of local 
authorities within Cairo Governorate. Representatives were selected based on 
their personal knowledge and experience in each sector (the energy, electricity, 
water, wastewater and solid waste) to gain a better understanding of the context 
in which infrastructure exists and decisions are made. The participants of the 
semi-structured interviews were selected by a purposive sampling strategy which 
targets key policy actors who are representatives of five policy sectors which 
constitute key elements of the “multi-layered indicator set” (see Table 3-3).  
Table 3-3: List of the selected interviewees for the semi-structured interviews. 
Representatives from 
the following authorities 
were selected 
Interviews were on the 
following topics 
Reference in text 
The Ministry of the 
Environment 
All sectors (energy, 
electricity, water, 
wastewater and solid waste) 
Interviewee 1 
The Ministry of 
Electricity and 
Renewable Energy 
Energy and electricity Interviewee 2 
The Public Authority of 
Cleaning and 
Beautification of Cairo 
Governorate 
Solid waste Interviewee 3 
The Holding Company 
for Water and 
Wastewater 
Water and Wastewater Interviewee 4 
The selection of the participants for the semi-structured interviews was based on 
the roles of the authorities that they represent. A representative from the Ministry 
of the Environment was selected because the role of the ministry is: 
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§ To draw-up the general policy and preparing the necessary plans for the 
preservation and development of the environment and to follow-up the 
implementation in coordination with the competent administrative authorities, 
and the implementation of some pilot projects. 
§ To recommend the necessary legal measures to join international and regional 
conventions related to the environment and prepare draft laws and decisions 
necessary for the implementation of these agreements. 
§ Moreover, the Ministry is the national authority for the promotion of 
environmental relations between Egypt and other countries, international and 
regional organizations. 
A representative from the Ministry of Electricity and Renewable Energy was 
selected because the role of the ministry is: 
§ To set and implement policies and plans in the fields of electricity generation, 
transmission and distribution to be up-to-date with the most technical and 
scientific proven developments and technologies. 
§ To follow-up and monitor different activities to provide electrical power for 
social and economic development to support the government's framework and 
plans. 
§ To suggest tariff rates for electrical power to the cabinet. 
§ To supervise the implementation and evaluation of important electrical 
projects. 
§ To set data and statistical systems related to electricity in all fields. 
§ To provide technical support for Arab countries in the electrical field. 
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A representative from the Public Authority of Cleaning and Beautification of 
Cairo Governorate was selected because the public authority performs all the 
cleaning services at the level of Cairo Governorate as it: 
§ Supervises the national Egyptian company and foreign companies working in 
the cleaning sector at the governorate in different regions (East, West, North, 
South) 
§ Carries out direct cleaning works through Al-Fustat National Company, which 
includes: 
- Residential waste collection. 
- Commercial and industrial waste collection. 
- Street sweeping and cleaning. 
- Signs and billboards washing. 
- Sewage and water suction from damaged pipes. 
- Removes all waste resulting from the construction works of the public 
utilities. 
- Carries out street and road repairs. 
- Monitors and controls landfills in the governorate. 
- Provides the required labour and equipment for landfills. 
A representative from the Holding Company for Water and Wastewater was 
selected because the company is responsible for both the drinking water sector 
and the wastewater sector of the whole country. The main duties of the company 
are to provide clean drinking water including the water purification, desalination, 
transport, distribution and selling of the drinking water. The company is also 
responsible for the collection, treatment and safe disposal of the wastewater.  
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The roles of the public authorities show that the selected representatives for the 
semi-structured interviews were expected to provide insight into relevant strategic 
and operational factors that are needed to provide context to published 
quantitative data.  
Invitation letters were prepared, translated from English to Arabic 
language and were sent by email to the potential interviewees (Appendix 2). 
Additionally, information sheets that explain the project were prepared, translated 
into Arabic language and sent by email to the potential participants (Appendix 3). 
Consent forms were prepared and translated into the Arabic language to get the 
participants’ permission to conduct the interview and to use their quotes 
anonymously (Appendices 4 and 5). The interviewees signed the consent forms 
before starting the interviews. After the interview, participants were asked if they 
still agreed to use their quotes anonymously or if they had any concerns. Lists of 
open-ended questions were prepared for the interviews based on the field of 
expertise of each interviewee (Appendices 6, 7, 8 and 9). Questions were 
designed to identify the drivers and barriers of sustainable resource management 
for each sector (water, wastewater, energy, electricity and solid waste). The 
definition of open-ended questions are questions that are designed to collect 
information (qualitative data) from the interviewees without using categories or 
scales that restrict their options for responding (Creswell and Plano Clark, 2017). 
The open-ended questions enabled interviewees to provide more information 
during the interview. Some of the information was relevant to the research 
questions and some were unrelated, so they were disregarded during the 
qualitative data analysis. Each interview lasted for about 90 minutes. The semi-
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structured interviews (face-to-face) were audio-recorded then transcribed and 
translated from Arabic to English.  
§ Site visits:  
(informs answers to research question 3, see Chapter 1) 
This study included site visits to different settlements in Cairo Governorate to gain 
a better understanding of the physical environment that affects and results from 
the flow of resources. The selection of site visits was based on the density of 
settlements: low, medium and high-density settlements. Handwritten notes and 
photographs were taken during these visits.  
  The criteria of the site visits selection were also based on my previous 
studies and experience in Cairo Governorate. I understand the unique 
characteristics of the urban settlements in Cairo and I wanted to share this data 
visually to show the challenges of resource management. The quality of 
infrastructure and buildings differs from one place to another and this has a great 
impact on the flow of resources within the city. Urban metabolism studies 
specifically in the Global South should explore the quality of the flow of material 
within cities not only measuring and assessing the quantities of the inputs and 
outputs of cities. 
3.1.5 Qualitative data analysis and interpretation 
3.1.5.1 Qualitative data analysis for the semi-structured interviews 
This study followed the qualitative data analysis and interpretation procedures for 
mixed methods research that were developed by Creswell and Plano Clark 
(2017). The procedures of the qualitative data analysis and interpretation for the 
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semi-structured interviews that were conducted in this study are presented in 
Table 3-4. 
Table 3-4: The procedures of the qualitative data analysis and interpretation (for 
the semi-structured interviews) for this study. 
Procedures of qualitative data analysis and interpretation 
1. Preparing data 
for analysis 
The recorded semi-structured interviews were 
transcribed and translated from Arabic to English. I 
preferred to translate the transcripts by myself from 
Arabic to English in order not to lose the meaning and it 
also gave me the opportunity to read more through the 
transcripts and be familiar with the content and digest 
the meanings better. Transcripts were organized by 
participants and entered in NVivo (qualitative data 
analysis software).  
2. Exploring the 
data 
In this stage, I read all the transcripts carefully (4 
transcripts) several times to gain a sense of them all. 
Then I started to develop initial codes. ‘Codes are the 
smallest units of analysis that capture interesting 
features of the data (potentially) relevant to the research 
question. Codes are the building blocks for themes, 
(larger) patterns of meaning, underpinned by a central 
organizing concept - a shared core idea’ (Clarke and 
Braun, 2017). 
3. Analysing the 
data 
This study followed a thematic analysis approach to 
analyse the qualitative data. Thematic analysis is a 
qualitative data analysis approach that organizes the 
qualitative data by coding to identify, analyse and 
interpret patterns of meaning ‘themes’ that are relevant 
to research questions within the qualitative data (Clarke 
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and Braun, 2017). Codes were assigned to chunks of 
data based on the research objectives and questions 
(structural coding) (Ryan and Bernard, 2003). Transcripts 
were coded using NVivo (qualitative data analysis 




The results of the qualitative data analysis were 
organised, description and evidence (quotes) for the 
developed themes were presented. The quantitative 
results were merged with the qualitative results and 
presented in Chapters 4, 5, 6 and 7. 
5. Interpreting the 
results 
In this stage, the merged quantitative and qualitative 
results were interpreted in a discussion and presented in 
Chapter 8. The purpose of this discussion was to explain 
whether the results and findings answer the research 
questions and relate to previous studies in literature. In 
addition, to identify the limitations of the study and the 
implications for future research. 
 
3.1.5.2 Qualitative data analysis for the site visits 
All the photos that were taken during the site visits were organized and coded 
(labelled). Then these photos were analysed and merged with the results of the 
qualitative data analysis of the semi-structured interviews and the results of the 
quantitative data analysis. The merged results are presented in Chapters 4, 5, 6 
and 7.   
3.2 Research structure and writing-up 
This thesis is divided into nine chapters. Chapter 1 includes the introduction, 
research aim, objectives and questions. Chapter 2 includes the background of 
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the study and the literature review. Chapter 3 includes the research design and 
approach. The results of the qualitative and quantitative data analysis were 
merged and presented in Chapters 4, 5, 6 and 7. Chapter 4 includes the results 
of the quantitative data analysis of the population, economy and the biophysical 
characteristics of Cairo, Giza and Qalyubia Governorates and for all Egypt. These 
results were merged with the results of the qualitative data analysis of the semi-
structured interviews that were conducted with all the representatives of the 
public authorities. Chapter 5 includes the results of the quantitative data analysis 
of the energy and electricity sectors of Cairo, Giza and Qalyubia Governorates 
and all Egypt. These results were merged with the results of the qualitative data 
analysis of the semi-structured interview that was conducted with the 
representative of the Ministry of Electricity and Renewable Energy. Chapter 6 
includes the results of the quantitative data analysis of water and wastewater 
sectors of Cairo, Giza and Qalyubia Governorates and for all Egypt. These results 
were merged with the results of the qualitative data analysis of the semi-
structured interview that was conducted with the representative of the Holding 
Company for the Water and Wastewater. Chapter 7 includes the results of the 
quantitative data analysis of solid waste of Cairo, Giza and Qalyubia 
Governorates and for all Egypt. These results were merged with the results of the 
qualitative data analysis of the semi-structured interviews that were conducted 
with the representative of the Ministry of the Environment and the representative 
of the Public Authority of Cleaning and Beautification of Cairo Governorate. The 
results of the site visits were merged with the results of the quantitative and 
qualitative data analysis and presented in Chapters 4, 5, 6 and 7 to provide a 
better understanding of the characteristics of Cairo Governorate. Figure 3-3 
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demonstrates the distribution of the merged results of the quantitative and 
qualitative data analysis among the empirical chapters to answer the research 
questions for this study. Chapter 8 merges the outputs of the empirical chapters 
(4, 5, 6 and 7) to answer the research questions. Chapter 9 summarizes the 
conclusion of the study and suggests future research areas for urban metabolism 


















































































































3.3 Ethical considerations 
An ERP (Ethical Review Panel) application form was submitted to gain the ethical 
approval of research ethics committee (REC) of Keele University. The ethical 
approval was required to be able to conduct the semi-structured interviews with 
representatives of the local authorities in Cairo Governorate and to undertake the 
site visits. A copy of the ERP application and the ethical approval letter are 
attached (Appendices 10 and 11). Invitation letters were sent to the interviewees 
to conduct the semi-structured interviews (Appendix 2). Information sheets were 
also sent to the interviewees before the interview to explain the research 
(Appendix 3). Consent forms were given to the interviewees to sign before the 
interview to gain their approval to conduct the interview and use their quotes 
anonymously (Appendices 4 and 5). Interviewees were informed in the 
information sheets and were reminded verbally before the interviews that if they 
wish to withdraw from the research they can withdraw at any time after the 
interview by emailing the researcher and all the data will be destroyed. All quotes 
were anonymised and participants were not identified in the transcriptions. 
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4 Chapter Four: Population growth and the biophysical 
characteristics of Cairo, Giza and Qalyubia 
Governorates and the whole country Egypt 
4.1 Introduction 
This chapter presents the main characteristics of Cairo Governorate. I used the 
first two layers of the multi-layered indicator set that was developed by Kennedy 
et al. (2014) to collect the data for Cairo, Giza, Qalyubia Governorates and Egypt. 
The urban mass of Cairo Governorate, the urban areas of Giza and Qalyubia are 
the constituents of Greater Cairo Region as shown in Figure 4-1 (GOPP, 2012). 
Exploring the main features of the three Governorates was essential to gain a 
better understanding of the case study, Cairo Governorate, and its surroundings. 
In addition, it was necessary to compare the data of Cairo Governorate and 
compare its share to the total of Egypt. This requires collecting the same data for 
Egypt. Layer 1 (see section 4.2) presents data on the population growth (urban 
and rural), economy and unemployment rates. These indicators are important to 
identify the impact of the population growth rates over the years and the economic 
situation of the case study on the flow of resources. Layer 2 (see section 4.3) 
presents data on the biophysical characteristics (land area, inhabited density, 
number of buildings and climate) of the case study and the surrounding 
environment. These are important indicators to better understand the nature of 
urban planning and the inhabited density that have a huge impact on the flow of 
resources. The climatic conditions are also important to identify whether the 
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required energy is for heating or cooling purposes and to identify the potential of 
renewable energy resources.  
 
Figure 4-1: Cairo, Giza, Qalyubia and the boundaries of Greater Cairo Region 
(GCR) (GOPP, 2012). 
4.2 Layer 1: the population growth and economy of Cairo Governorate, 
Giza, Qalyubia and Egypt 
Layer 1 of the multi-layered indicator set includes the definition of a megacity: 
spatial boundaries, constituent cities, population and economy (Kennedy et al., 
2014). In this study, Layer 1 includes the following data: 
a) Population: 
§ The population growth for Cairo, Giza and Qalyubia Governorates and Egypt 
from 2001 to 2016. 
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§ Percentage of the population of Cairo, Giza and Qalyubia Governorates 
compared to the rest of Egypt’s population in 2001 and 2016. 
§ Urban and rural population from 2001 to 2016 for Cairo Governorate and 
Egypt, and the projected urban and rural population of Egypt by 2050.  
§ Urban and rural population for Giza and Qalyubia Governorates from 2006 to 
2016. (data was not available for 2001) 
§ The average annual population growth rates for Cairo, Giza and Qalyubia 
Governorates and Egypt from 2001 to 2016.  
§ The average annual growth rates for Cairo, Giza and Qalyubia Governorates 
and Egypt from 2001-2006, 2006-2011 to 2011-2016. 
b) Economy:  
§ GDP (Gross Domestic Product): the total GDP (US $ Billions) and the GDP 
per capita (US $) for Egypt are available from 2001 to 2017 but are not 
available for each Governorate.  
§ The total GDP of Egypt (million Egyptian pounds) from 2002-2003 to 2017-
2018. It is worth mentioning here that I included the GDP of year 2017 
because during 2017 the Egyptian Pound was devalued that had a huge 
impact on the economy. 
c) Unemployment rates:  
§ The unemployment rates for Cairo, Giza and Qalyubia Governorates and 
Egypt from 2010 to 2016. 
Sources of the secondary data are presented in Chapter 3 Table 3-1 and the 
criteria of including or excluding reports are presented in Appendix 12. 
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4.2.1 The population growth in Cairo Governorate, Giza, Qalyubia and 
Egypt 
From 2001 to 2016, the total population of Egypt increased by 25 million 
inhabitants of which 15 million in rural areas and 10 million in urban areas (Figure 
4-2). This shows that an average of 1.67 million inhabitants was added every year 
to the total population of Egypt from 2001 to 2016. The total population of Egypt 
reached 98 million inhabitants in 2019 and is projected to reach almost 122 million 
in 2050 (United Nations, 2014; CAPMAS, 2019). 
 
Figure 4-2: Population growth of Egypt from 2001 to 2016.  
The percentages of the rural and urban population from 2001 to 2016 (15 
years) in Egypt were almost stable at an average of 57% rural and 43% urban 
(Figure 4-3). By 2050, it is expected that more than half of the population will be 
living in urban areas, as the percentage of the urban population will reach 56.5%. 
This will add more than 30 million inhabitants to urban areas of Egypt. More 
pressure will be added to existing cities and infrastructure. Moreover, to absorb 
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for the expansion of existing urban areas, and to provide adequate infrastructure.
 
Figure 4-3: Percentages of rural and urban population of Egypt since 2001 to 
2016 and the projected by 2050. 
The total population of Cairo Governorate reached 9.4 million inhabitants 
in 2016 (Figure 4-4). The United Nations defines a megacity as a city that has 10 
million inhabitants or more (United Nations, 2016d). If the population of Cairo 
Governorate continues to grow at the same rate it will become a megacity within 
the next few years. The linear trendline in Figure 4-4 indicates that the population 
of the three governorates has been consistently increasing from 2001 to 2016. 
An average of 2 million inhabitants was added to the population of each 
Governorate over a period of 15-years. The highest population increase since 
2001 to 2016 was the population of Giza Governorate that was 2.5 million 
inhabitants followed by Cairo Governorate 2.1 million inhabitants and the lowest 
population increase was the population of Qalyubia Governorate that increased 
1.6 million inhabitants. Almost a quarter of the total population increase of Egypt 
43.1% 43.0% 42.8% 42.7%
56.5%
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(25 million inhabitants) from 2001 to 2016 was concentrated in the three 
governorates Cairo, Giza and Qalyubia. 
 
Figure 4-4: Population growth of Cairo, Giza and Qalyubia from 2001 to 2016. 
In 2001, the total population of Egypt was 65 million inhabitants. The total 
population of Cairo Governorate, Giza and Qalyubia was quarter the total 
population of Egypt (Figure 4-5). The percentage of the population of the three 
governorates remained the same in 2016 when the total population of Egypt 
reached 90 million (Figure 4-6). If we compare the percentages of the population 
of Giza and Cairo in 2001 and 2016, we will notice that the percentage of Giza 
increased 1% while the percentage of the population of Cairo relatively 
decreased 1%. The population of both Giza and Cairo Governorates increased, 
but the rate of growth in Giza was higher than in Cairo. The percentage of 
Qalyubia in 2001 and 2016 remained the same. From 2001 to 2016, the 
percentage of the population of the three governorates remained 25% of the total 
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Figure 4-5: Percentages of the population of Cairo, Giza and Qalyubia compared 
to the rest of Egypt in 2001. 
 
Figure 4-6: Percentages of the population of Cairo, Giza and Qalyubia compared 
to the rest of Egypt in 2016. 
Cairo Governorate is mostly urban while the average percentage of the 
urban population of Giza is 58% and Qalyubia is 45% (Figure 4-7 and 4-8). 


























Giza (Figure 4-7). Later on, this will explain the low level and quality of services 
in Qalyubia (Chapters 5, 6 and 7).  
 
Figure 4-7: Percentages of the urban and rural population of Qalyubia from 2006 
to 2016. 
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The average annual population growth rates of the three governorates and 
Egypt from 2001 to 2016 were calculated to compare the rates of growth. Giza 
and Qalyubia have the highest average annual population growth rates. The 
average annual population growth rate of Cairo Governorate is below the average 
of Egypt (see Figure 4-9). The overall average annual population growth rates of 
the three governorates are considered high compared to cities in developed 
countries. For example, the average annual population growth rate of Tokyo is 
0.6%, New York and Los Angles is 0.3% over a period of 16-years from 2000 to 
2016 (United Nations, 2016d). 
 
Figure 4-9: The average annual population growth rates of Egypt, Cairo, Giza 
and Qalyubia from 2001 to 2016. 
I calculated the average annual growth rates during 2001-2006, 2006-
2011, and 2011-2016 to identify whether the growth rates of the three 
governorates and Egypt were stable or changeable over the years. The average 
annual growth rate for Egypt was almost stable during 2001-2006, 2006-2011, 
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Qalyubia Governorates were from 2001 to 2006 (Figure 4-10). The average 
annual growth rate in Giza Governorate was the highest as it reached 3.8% 
followed by Qalyubia Governorate 3.5% and the lowest was Cairo Governorate 
2.9%. During 2006 and 2011, the average annual population growth rate 
decreased as it reached 0.6% in Cairo Governorate, 2% in Giza and 2.1% in 
Qalyubia. This drop was due to the government’s attempts to divert the 
population growth from the Greater Cairo Region to new satellite cities. However, 
in 2011 to 2016 the average annual population growth rates started to increase 
once more in Cairo and Giza Governorates. 
 
Figure 4-10: The average annual population growth rates of Egypt, Cairo, Giza 
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Unfortunately, a huge percentage of the population growth of Cairo, Giza 
and Qalyubia Governorates was unplanned and spread on the agricultural land 
in Giza and Qalyubia. Despite the government’s efforts to reduce the density of 
the Greater Cairo Region by diverting the urban growth towards the new satellite 
cities and removing or upgrading the informal areas, they failed to prevent the 
growth of informal settlements in many areas (Figure 4-11 to 4-18). 
 
Figure 4-11: The growth of informal settlements surrounding one of the tourist 
attractions of Cairo Governorate (Source: author’s site visits). 
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Figure 4-12: The growth of informal settlements surrounding one of the tourist 
attractions of Cairo Governorate (Source: author’s site visits). 
 
Figure 4-13: The growth of informal settlements surrounding one of the tourist 
attractions of Cairo Governorate (Source: author’s site visits). 
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Figure 4-14: Unplanned growth on agricultural land (Source: author’s site visits). 
 
Figure 4-15: Unplanned growth on agricultural land (Source: author’s site visits). 
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Figure 4-16: Unplanned growth on agricultural land (Source: author’s site visits). 
 
Figure 4-17: Unplanned growth on agricultural land (Source: author’s site visits). 
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Figure 4-18: Unplanned growth on agricultural land (Source: author’s site visits). 
Some of the unplanned settlements are located near the tourist attractions 
in Cairo and Giza Governorates, other settlements are spread on the agricultural 
land on both sides of the Ring Road, and some informal areas are located near 
the high, middle and low-income settlements (4-11 to 4-18). Interviewee 4 
described the unplanned settlements by: 
“of course, it is difficult because Cairo includes 120 informal settlements. 
These are unplanned areas, with narrow streets and no previous 
infrastructure planning. Nowadays, the government is upgrading and 
replacing the existing unplanned settlements by planned and formal 
settlements with appropriate infrastructure” (Interviewee 4).  
The photos of the unplanned settlements and the description of 
Interviewee 4 show the poor quality of these areas and the low level of services. 
While Interviewee 3 was explaining the solid waste collection in Cairo 
Governorate, he said that,  
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“it includes 38 neighbourhoods of Cairo Governorate. For example, Misr 
El Gedida is one of the high-income settlements. It includes some informal 
areas such as Esbat El Muslimeen. We collect the solid waste from all 
areas whether it’s formal or informal” (Interviewee 3).  
This indicates that the unplanned areas in Cairo Governorate are located 
near the high-income settlements not just surrounding Cairo Governorate. 
Interviewee 2 mentioned that the number of levels of the informal buildings in 
Egypt could reach 15 to 20 levels not just 1 or 2 levels as the slums of Brazil and 
Mexico. 
“not, all of them are fragile some informal buildings are 15 storeys. They 
are multi-storey buildings. Actually, there are some informal buildings in a 
place called Ared El Lewaa; the buildings are up to 15 to 20 storeys. They 
are different from the slums of Brazil and Mexico” (Interviewee 2).  
Even if the unplanned buildings are not fragile as Interviewee 2 explained, this 
does not indicate that the level and quality of services will be higher than other 
informal areas because they are all considered informal settlements and will not 
receive the same level of services as the formal areas.  
4.2.2 Economy 
The total GDP (million Egyptian pounds) of Egypt was available in the Egyptian 
official statistics from (2002-2003) to (2017-2018) as shown in Figure 4-19. As 
discussed above, the data for this thesis is collected from 2001 to 2016, but the 
total GDP of 2016-2017 and 2017-2018 are included because as shown in Figure 
4-19 the total GDP grew gradually since 2002-2003 to 2014-2015, then there was 
a significant increase from 2015-2016 to 2017-2018.  
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Figure 4-19: Egypt’s total GDP (million Egyptian pounds) from 2002-2003 to 
2017- 2018. 
On the other hand, the total GDP in (US $) and the GDP per capita in (US 
$) as presented in Figure 4-20 and Figure 4-21 from 2001 to 2017, both dropped 

































































































Figure 4-20: Egypt’s total GDP (US $ Billions) from 2001 to 2017. 
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The devaluation of the Egyptian pound had a great impact on the inflation 
rate8. The inflation rate was 10.2% in 2016 and after the devaluation, it reached 
23.5% in 2017 (Figure 4-22). Furthermore, the real GDP growth9 (annual per cent 
change) remained almost the same after the devaluation (IMF DataMapper, 
2018a). As shown in Figure 4-22 it is expected that the inflation rate will decrease 
over the next few years. 
 
Figure 4-22: Egypt’s real GDP growth (annual percent change) compared to the 
inflation rate in 2017 (IMF DataMapper, 2018a). 
 
8 The average consumer price index (CPI) is a measure of a country’s average level of prices 
based on the cost of a typical basket of consumer goods and services in a given period. The rate 
of inflation is the percent change in the average CPI, (World Economic Outlook, 2018) 
9 Gross domestic product is the most commonly used single measure of a country’s overall 
economic activity. It represents the total value at constant prices of final goods and services 
produced within a country during a specified time period, such as one year, (World Economic 
Outlook, 2018)  
 139 
4.2.3 Unemployment rate (percentages) 
The unemployment rate is not included in the original multi-layered indicator set. 
In this study, the unemployment rates for Cairo, Giza and Qalyubia Governorates 
and Egypt are presented. The unemployment rate is an important indicator of 
resource management. It shows the job opportunities that could be provided, for 
example, from the development of renewable energy projects and the 
establishment of an integrated sustainable waste management system. 
 Unemployment rates (age 15 and above) are collected for Cairo, Giza and 
Qalyubia Governorates and Egypt from 2010 to 2016. Unemployment rates of 
previous years were unavailable for each Governorate. Cairo Governorate has 
the highest unemployment rates as shown in Figure 4-23 compared to Egypt, 
Giza, and Qalyubia Governorates. The highest unemployment rates of Cairo 
Governorate were during 2011, 2012 and 2013. This was due to the political 
situation in Egypt as the revolution started in 2011 and it had a huge impact on 
the social and economic stability of the country. This made the country 
unattractive for new investments and businesses and it also affected the existing 
ones. Cairo Governorate being the capital of Egypt was the most affected 
Governorate compared to the rest of the country. By 2014, the unemployment 
rate of Cairo Governorate decreased gradually when the country started to 
recover from the impacts of the revolution. The unemployment rates in Giza, 
Qalyubia Governorates are almost equal to the average unemployment rate of 
Egypt; Qalyubia is slightly higher.  
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Figure 4-23: Unemployment rates of Egypt, Cairo, Giza, and Qalyubia from 2010 
to 2016. 
The unemployment rate of Egypt is significantly higher than the rates of 
advanced economies as shown in Figure 4-24. For example, in 2016 the 
unemployment rate of Egypt was 12.7%, while the average unemployment rate 
of advanced economies was 6.2% (IMF DataMapper, 2018b). Recent reports 
show that the unemployment rate in Egypt reached 8.6% in 2019 (IMF, 2019). 
This indicates that the unemployment rate of Egypt is decreasing gradually and 
the country started to become more stable. However, the government should 
provide more job opportunities in Cairo, Giza and Qalyubia Governorates to 
reduce the unemployment rates. This could be achieved by establishing an 
integrated sustainable waste management system and investing in renewable 
2010 2011 2012 2013 2014 2015 2016
Qalyubia 7.5% 11.0% 12.7% 14.1% 13.7% 13.2% 13.2%
Giza 13.6% 12.3% 12.3% 13.0% 12.7% 13.1% 12.9%
Cairo 12.7% 17.0% 17.3% 17.7% 16.0% 14.6% 15.0%












Unemployment rates of Cairo, Giza, Qalyubia and Egypt
from (2010 to 2016)
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energy projects. Both sectors require a huge number of labourers, technicians, 
engineers and a range of skills.  
 
Figure 4-24: The unemployment rate of Egypt compared to the rate of advanced 
economies from 1980 to 2020 (IMF DataMapper, 2018b). 
4.3 Layer 2: the biophysical characteristics of Cairo Governorate, Giza, 
Qalyubia and Egypt 
Layer 2 of the multi-layered indicator set includes the land area, urbanized area, 
climate and the building gross area (Kennedy et al., 2014). In this study, Layer 2 
includes the following data: 
a) Land area, inhabited area and the population density for Cairo, Giza, Qalyubia 
and Egypt. 
b) The total number of residential, commercial and institutional industrial 
buildings in Cairo, Giza, Qalyubia and Egypt. (Data was not available for the 
buildings’ gross area). 
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c) Climate: heating degree-days (HDD), cooling degree-days (CDD), annual 
precipitation (mm) and rainfall, annual solar radiation and wind speed. 
Sources of the secondary data are presented in Chapter 3 Table 3-1 and the 
criteria of including or excluding reports are presented in Appendix 12. 
4.3.1 Land area, inhabited area and population density 
The total area of Greater Cairo Region is almost 3.3 thousand square kilometres 
of which 48% is located in Cairo Governorate, 47% in Giza and 5% in Qalyubia 
(Figure 4-25).  
 
Figure 4-25: The percentage of the total area of Greater Cairo Region. 
 The total area of Egypt is one million square kilometres, and the 
percentage of the inhabited area is only 6.8% of its total area. The area of Cairo, 
Giza and Qalyubia Governorates do not exceed 1.72% of the total area of Egypt 
(Cairo 0.31%, Giza 1.3% and Qalyubia 0.11%). As mentioned earlier in this 
chapter, the total population of the three governorates is 25% of the total 











of its total area. The land area of Giza Governorate is the largest compared to 
Cairo and Qalyubia as shown in Figure 4-26. The percentages of the inhabited 
area of Cairo and Giza Governorates are less than Qalyubia as the percentage 
of the inhabited area of Qalyubia is 95.4%, Cairo 6.2% and Giza 9%. 
 
Figure 4-26: Percentage of the inhabited area to the total area of Cairo, Giza and 
Qalyubia Governorates and Egypt. 
 The total inhabited area of Egypt is less than 70 thousand square 
kilometres. The percentage of the inhabited area of each Governorate compared 
to the total inhabited area of Egypt is presented in Figure 4-27. In addition, the 
percentage of the population in each Governorate compared to the total 
population of Egypt in 2016 is presented in Figure 4-27. The outcome of this 
comparison shows that 10.48% of the total population of Egypt occupied 0.28% 







Cairo Giza Qalyubia Egypt
Percentages of inhabited area and the total land area
Land area (sq. kilometres) Percentage of inhabited area to the total area
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8.62% of the total population of Egypt occupied 1.74% of the total inhabited area 
of Egypt (in Giza Governorate) in 2016. Moreover, 5.69% of the total population 
of Egypt occupied 1.57% of the total inhabited area of Egypt (in Qalyubia 
Governorate) in 2016. The rest of Egypt’s population occupied 96.4% of the total 
inhabited area of Egypt in 2016.  
 
Figure 4-27: Percentages of the total population in 2016 and the percentages of 
the total inhabited area for the three governorates and the rest of Egypt.  
 The data of the inhabited density of Cairo, Giza and Qalyubia 
Governorates and Egypt for 2001 to 2016 is not available in the official statistics 
so it is replaced by the available data of 2003, 2011, 2015 and 2017. The 
inhabited density of Egypt reveals the uneven distribution of the population of 
Egypt as it reaches more than 50,000 inhabitants per square kilometres in Cairo 
Governorate and on the other hand, the inhabited density of Egypt is less than 







Qalyubia Giza Cairo Rest of Egypt
Percentages of the total population in 2016 and the percentages of 
the total inhabited area 
Percentage of the total inhabited area Percentage of the total population 2016
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highest inhabited density compared to Giza and Qalyubia Governorates (Figure 
4-28).  
 
Figure 4-28: The inhabited density (population/sq.km) of the three governorates 
and Egypt from 2003 to 2017. 
 The inhabited density of Cairo Governorate reached more than 50,000 
inhabitants per square kilometres in 2017, making it one of the world’s most 
densely cities. Cairo Governorate is a high-density Governorate to the extent that 
residents apart from the new satellite cities occupy most of the roofs of residential 
buildings. This is a major challenge to the installation of solar panels on the roofs 
of residential buildings in Cairo Governorate. Additionally, in high-density 
settlements in Cairo Governorate specifically the unplanned settlements the 
streets are narrow that hinders the flow of resources in and out these areas and 
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Figure 4-29: Narrow streets of an unplanned settlement in Cairo Governorate 




Figure 4-30: Narrow streets of an unplanned settlement in Cairo Governorate 
(Source: author’s site visits). 
4.3.2 Number of buildings  
4.3.2.1 Residential buildings 
The original multi-layered indicator set included the building gross floor areas for 
residential buildings, but in this study, this data was missing so it is replaced by 
the number of buildings. This total is available for years 2006 and 2017 but not 
in previous official reports. The total number of buildings might not be important 
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as the building gross floor areas because the latter could identify, for example, 
the energy required for heating or cooling and the construction materials. 
However, one of the objectives of this study is to highlight the importance of the 
missing data that could be considered in the future by the Central Agency for 
Public Mobilization and Statistics or researchers. The total number of buildings 
in Egypt was more than 11.5 million in 2006, of which 6% were in Cairo 
Governorate, 6% in Giza and 5% in Qalyubia (Figure 4-31).  
 
Figure 4-31: The percentages of residential buildings in the three governorates 
and the rest of Egypt in 2006. 
 The number of buildings in the three governorates was almost the same 
in 2006; Cairo was slightly higher, followed by Giza and Qalyubia was the least 
(Figure 4-32). In 2017, the total number of buildings in Giza Governorate and 
Qalyubia increased significantly and Cairo remained almost the same with a 
minimal increase. This shows that the government’s efforts to reduce the density 
of Cairo Governorate had a huge impact on diverting the growth towards Giza 














Cairo Governorate has been increasing over time. Some of the old buildings of 
Cairo Governorate are demolished and replaced with multi-storey buildings to 
absorb more residents. In other cases, if the structure of the building is suitable, 
more levels are added to the existing buildings instead of replacing them with 
new ones. Accordingly, the number of residential buildings of Cairo Governorate 
increased slightly in 2017 as shown in Figure 4-32, but the capacity of these 
buildings increased to absorb more residents. The problem is that increasing the 
capacity of these buildings does not increase the capacity of their infrastructure 
and networks. This adds more pressure and weakens the existing infrastructure 
and networks. The infrastructure and networks are designed to meet a specific 
demand of electricity, drinking water and other services when the demand 
exceeds their capacity, this leads to the failure of the whole system. 
 
Figure 4-32: The total number of residential buildings in Cairo, Giza and Qalyubia 










 The total number of buildings in Egypt in 2017 was more than 16 million, 
of which 4% were in Cairo Governorate, 7% in Giza and 6% in Qalyubia (Figure 
4-33). This shows that the percentage of the number of buildings in Giza 
Governorate and Qalyubia increased by 1% each and Cairo relatively decreased 
by 2%. The number of buildings increased in the three governorates, but the rate 
of increase was higher in Giza and Qalyubia. This increase was based on the 
government’s strategy to absorb population growth and reduce the pressure from 
Cairo Governorate.  
 
Figure 4-33: The percentages of residential buildings in the three governorates 
and the rest of Egypt in 2017. 
  A recent report of the Central Agency of Public Mobilization and Statistics 
included the number of residential units for 2017. This data was not available in 
previous reports. The total number of residential units in Egypt was more than 
43 million in 2017, of which 11% was in Cairo Governorate, Giza 10% and 
Qalyubia 7% (Figure 4-34). The residential units of the three governorates 















Figure 4-34: The percentages of the residential units for the three governorates 
and the rest of Egypt in 2017. 
4.3.2.2 Commercial and institutional industrial buildings 
The total number of commercial and institutional industrial buildings in Egypt was 
more than 4.5 million in 2006 of which 16% were in Cairo Governorate, 9% in 
Giza and 6% in Qalyubia (Figure 4-35).  
 
Figure 4-35: The percentages of the commercial and institutional industrial 



























 Cairo Governorate, being the capital of Egypt, has the highest number of 
commercial and institutional industrial buildings in 2006 and 2017 (Figure 4-36). 
However, the rate of increase of commercial and institutional industrial buildings 
in Giza Governorate and Qalyubia was higher than Cairo Governorate in 2017. 
 
Figure 4-36: The total number of commercial and institutional industrial buildings 
in Cairo, Giza and Qalyubia Governorates in 2006 and 2017. 
 The total number of commercial and institutional industrial buildings in 
Egypt was more than 6.4 million in 2017 of which 12% were in Cairo 
Governorate, 10% in Giza and 7% in Qalyubia (Figure 4-37). This shows that the 
percentage of the number of commercial and institutional industrial buildings 
increased in Giza Governorate and Qalyubia by 1% each and relatively 
decreased in Cairo Governorates by 4% compared to the percentages of 2006. 
The number of commercial and institutional industrial buildings increased in the 
three governorates, but the rate of increase was higher in Giza and Qalyubia 












industrial buildings of the rest of Egypt increased by 2% in 2017 compared to 
2006. 
 
Figure 4-37: The percentages of the commercial and institutional industrial 
buildings of the three governorates and the rest of Egypt in 2017. 
4.3.3 Climate 
4.3.3.1 Heating degree days (HDD) and cooling degree days (CDD) 
Heating degree-days (HDD) and cooling degree-days (CDD) are weather-based 
technical indexes that are used to identify the energy required for heating and 
cooling buildings (Eurostat, 2017). The Heating and cooling degree-days for 
Cairo Governorate, Giza and Qalyubia are obtained from the Degree Days.net. 
Degree.Days.net is a website that provides data weather for energy 
professionals. Kennedy et al. (2015) used this website to collect the heating and 
cooling degree-days for the 27 world’s megacities. The website generates the 
heating and cooling degree-days based on the selected location. For this study, 















Qalyubia Governorates. The generated data is the average of the heating and 
cooling degree-days from 2014 to 2018. Data for previous years was unavailable.  
 The heating degree-days (HDD) is 311 for the selected location Cairo 
International Airport (Table 4-1) and the cooling degree-days (CDD) is 770 (Table 
4-2). This indicates that most of the energy in Cairo, Giza and Qalyubia 
Governorates is required for cooling rather than heating. In contrast, the heating 
degree-days (HDD) of London for the same period is 2385 (Table 4-3) and the 
cooling degree-days (CDD) is 16 (Table 4-4). This indicates that most of the 
energy in London is required for heating rather than cooling. The heating and 
cooling degree-days are important indicators as they differ from one place to 
another and they identify whether the energy is required for heating or cooling. 
This could enable decision-makers to develop more suitable energy and 
electricity systems. 
Table 4-1: The average of the heating degree-days (HDD) from 2014 to 2018 for 
Cairo, Giza and Qalyubia.  
Description: Celsius-based 5-year-average (2014 to 2018) 
heating degree days for a base temperature 
of 18.0C 
 
Source: www.degreedays.net (using temperature data 
from www.wunderground.com) 
 
Accuracy: Estimates were made to account for missing 
data: the "% Estimated" column shows how 
much each figure was affected (0% is best, 
100% is worst) 
 
Station: Cairo Airport, EG (31.41E,30.11N) 
 
Station ID: HECA 
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HDD % Estimated 
Jan 116 0.08 
Feb 72 0 
Mar 30 0 
Apr 12 0 
May 0 0.6 
Jun 0 0 
Jul 0 0 
Aug 0 0.01 
Sep 0 0 
Oct 0 0 
Nov 12 0 
Dec 69 0 
Total 311 0.06 
Table 4-2: The average of the cooling degree-days (CDD) from 2014 to 2018 for 
Cairo, Giza and Qalyubia.  
Description: Celsius-based 5-year-average (2014 to 2018) 
cooling degree days for a base temperature 
of 25.0C 
 
Source: www.degreedays.net (using temperature data 
from www.wunderground.com) 
 
Accuracy: Estimates were made to account for missing 
data: the "% Estimated" column shows how 
much each figure was affected (0% is best, 
100% is worst) 
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Station: Cairo Airport, EG (31.41E,30.11N) 
 
Station ID: HECA 
 
   
 
CDD % Estimated 
Jan 0 0.08 
Feb 4 0 
Mar 15 0 
Apr 43 0 
May 95 0.6 
Jun 131 0 
Jul 152 0 
Aug 162 0.01 
Sep 117 0 
Oct 47 0 
Nov 4 0 
Dec 0 0 
Total 770 0.06 
Table 4-3: The average of the heating degree-days (HDD) from 2014 to 2018 for 
London, UK. 
Description: Celsius-based 5-year-average (2014 to 2018) 
heating degree days for a base temperature 
of 18.0C 
 
Source: www.degreedays.net (using temperature data 
from www.wunderground.com) 
 
Accuracy: Estimates were made to account for missing 
data: the "% Estimated" column shows how 
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much each figure was affected (0% is best, 
100% is worst) 
Station: London, GB (0.45W,51.48N) 
 
Station ID: EGLL 
 
   
 
HDD % Estimated 
Jan 374 0.04 
Feb 343 0 
Mar 313 0 
Apr 225 0 
May 138 0.006 
Jun 62 0 
Jul 29 0 
Aug 48 0 
Sep 90 0 
Oct 169 0 
Nov 274 0 
Dec 320 0 
Total 2385 0.004 
Table 4-4: The average of the cooling degree-days (CDD) from 2014 to 2018 for 
London, UK. 
Description: Celsius-based 5-year-average (2014 to 2018) 
cooling degree days for a base temperature 
of 25.0C 
 




Accuracy: Estimates were made to account for missing 
data: the "% Estimated" column shows how 
much each figure was affected (0% is best, 
100% is worst) 
 
Station: London, GB (0.45W,51.48N) 
 
Station ID: EGLL 
 
   
 
CDD % Estimated 
Jan 0 0.04 
Feb 0 0 
Mar 0 0 
Apr 0 0 
May 0 0.006 
Jun 3 0 
Jul 9 0 
Aug 3 0 
Sep 1 0 
Oct 0 0 
Nov 0 0 
Dec 0 0 
Total 16 0.004 
4.3.3.2 Annual precipitation (mm) and rainfall 
The definition of precipitation ‘is any kind of water that falls from clouds as a liquid 
or a solid. Average precipitation is the long-term average in depth (over space 
and time) of annual precipitation in the country’ (The World Bank, 2019a). The 
annual precipitation of Egypt is 51mm; it is the lowest precipitation worldwide as 
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shown in Figure 4-38, (FAO, 2016). The rainfall in Egypt is limited and 
unpredictable as the average annual rainfall of Egypt is 12mm and Cairo is 25mm 
(Abdel-Shafy et al., 2010). The average annual rainfall for Giza and Qalyubia is 
expected to be the same as Cairo Governorate.  
 
Figure 4-38: The world’s average precipitation in depth (mm per year) (The World 
Bank, 2019a). 
4.3.3.3 Annual solar radiation 
This is an important indicator as it identifies the availability of solar energy. The 
long-term average of the direct normal irradiation (DNI) of Egypt since 1994 to 
2015 varies from1899 kWh/m2 /year to 2775 kWh/m2/year as shown in Figure 4-
39. It is worth noting here that the direct normal irradiation of Spain is almost 2100 
kWh/m2/year and it dominates 69% of the world’s concentrated solar power 
(CSP) (Shouman and Khattab, 2015). This indicates the huge potential of solar 
energy in Egypt as the average DNI of Egypt is higher than Spain.  
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Figure 4-39: The long-term average of the direct normal irradiation since 1994 to 
2015 for Egypt (Solargis, 2017a).  
The direct normal irradiation of Cairo, Giza and Qalyubia Governorates is 
less than the average direct normal irradiation of Egypt (Figure 4-40). This 
indicates that the three governorates might not be the best locations for solar 
energy in Egypt. However, the DNI of the three governorates is considered high 
if compared to the DNI of other countries as shown in Figure 4-41 as it varies 
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from 365 kWh/m2/year to 3652 kWh/m2/year. This shows the huge potential for 
solar energy in Cairo, Giza and Qalyubia Governorates.  
 
Figure 4-40: The direct normal irradiation (DNI) kWh/m2/year of Cairo, Giza, and 
Qalyubia Governorates and Egypt. 
 
Figure 4-41: The Global direct normal irradiation (Solargis, 2017b) 
2044 2057 1949
2343
Cairo Giza Qalyubia Egypt
The direct normal irradiation DNI kWh/m2/year
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4.3.3.4 Annual wind speed 
This is an important indicator as it identifies the availability of wind power. The 
annual wind speed of Egypt is 8.26 m/s. The wind speed varies from 5 m/s to 
9.75 m/s as shown in Figure 4-42. The annual wind speed of China is 8.77 m/s 
and the annual wind speed of United States is 8.38 m/s, both countries have the 
highest installed wind power capacity worldwide. This shows the high potential of 
wind power in Egypt as the annual wind speed of Egypt is almost similar to the 
annual wind speed of China and the United States.  
 
Figure 4-42: The annual wind speed of Egypt (DTU, 2018a). 
The annual wind speed of Cairo, Giza and Qalyubia Governorates is less 
than the annual wind speed of Egypt (Figure 4-43). This indicates that the three 
governorates might not be the best locations for wind power in Egypt, however, 
the value of the wind speed is considered suitable for power generation if it is 
above 5 m/s. 
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Figure 4-43: The annual wind speed of Cairo, Giza and Qalyubia Governorates 
and Egypt.  
4.4 Conclusion:  
This chapter shows the rapid growth of population in Cairo, Giza and Qalyubia, 
the constituent Governorates of Greater Cairo Region. A quarter of Egypt’s 
population lives in the three Governorates. The population of the three 
Governorates has been consistently increasing over a period of 15 years (2001 
to 2016).  The population growth rates in Giza were higher than Cairo 
Governorate due to the government’s efforts to reduce the pressure from Cairo 
Governorate. However, a huge percentage of the population growth of Giza 
Governorate is unplanned and the inhabited density of Cairo Governorate has 
been consistently increasing. The inhabited density of Egypt reveals the uneven 
distribution of the population of Egypt as it reaches more than 50,000 inhabitants 
per square kilometres in Cairo Governorate and on the other hand, the inhabited 
density of Egypt is less than 1400 inhabitants per square kilometres. Cairo 
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the new satellite cities occupy most of the roofs of residential buildings. This is a 
major challenge to the installation of solar panels on the roofs of residential 
buildings in Cairo Governorate. Additionally, in high-density settlements in Cairo 
Governorate specifically the unplanned settlements the streets are narrow that 
hinders the flow of resources in and out these areas and the provision of services. 
This has a huge impact on the existing infrastructure, the flow of materials in and 
out the governorates and the quality of services provided. The government 
should consider the urban carrying capacity of Cairo Governorate before 
replacing the old buildings with multi-storey buildings. Furthermore, the carrying 
capacity of Giza Governorate should be considered in the future to absorb the 
population growth.   
The economic situation in Egypt was highly affected after the devaluation 
of the Egyptian pound in 2017, which increased inflation. Cairo Governorate has 
the highest unemployment rates compared to the average of Egypt, Giza and 
Qalyubia. In general, more job opportunities are required in the future to reduce 
the high rates of unemployment in Egypt and the three governorates. This could 
be achieved by establishing an integrated sustainable waste management 
system (see Chapter 7) and investing in renewable energy projects as there is a 
huge potential to develop such projects (see Chapter 5). Both sectors require a 
huge number of labourers, technicians, engineers and a range of skills. It is also 
important to increase the investments in other governorates to provide more job 
opportunities and reduce internal migration. 
The heating degree-days and the cooling degree-days of the three 
governorates show that most of the energy is required for cooling rather than 
heating. The average annual precipitation of Egypt and the three governorates is 
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extremely low as Egypt has the lowest precipitation worldwide causing massive 
water shortages. The annual solar radiation and the annual wind power show the 
huge potential of solar and wind power in Egypt and the three governorates. 
However, the nature of urban planning and the inhabited density of Cairo 
Governorate and the surrounding environments hinder the development of such 
projects.  
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5 Chapter Five: Current and future projections of the 
energy and electricity sectors in Cairo, Giza and 
Qalyubia Governorates and the whole country Egypt 
5.1 Introduction 
This chapter presents the current situation of, and projections for, the energy and 
electricity sectors in Egypt and Cairo, Giza and Qalyubia Governorates. The data 
of the energy and electricity sectors were collected for more than 15 years to 
identify patterns of production and consumption. To target the most important 
quantitative data to measure and assess the energy and electricity sectors, I used 
the third layer of the multi-layered indicator set that was developed by Kennedy 
et al. (2014). Additionally, the semi-structured interview that was conducted with 
the representative of the Ministry of Electricity and Renewable Energy in Egypt 
was critically analysed to better understand how the energy and electricity sectors 
are being managed. The quantitative and qualitative data of the energy sector 
(see section 5.3) and the electricity sector (see section 5.4) in Cairo, Giza and 
Qalyubia Governorates and Egypt are merged and explained in depth. The 
energy and electricity sectors are presented in the same chapter as the 
representative of the Ministry of Electricity and Renewable Energy mentioned that 
both sectors are strongly linked in Egypt.  
“The main goals of the Ministry of Electricity are part of the energy strategy. 
I will start with the energy strategy of Egypt up to 2035 first. The goals of 
the Ministry of Electricity fit into the strategy” (Interviewee 2).  
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5.2 Layer 3-1: energy and electricity sectors in Cairo, Giza and Qalyubia 
Governorates and Egypt 
The third layer of the original multi-layered indicator set includes: the 
consumption of energy (all types); electricity sources; consumption of water; 
consumption of food; building materials; generation of solid wastes and 
wastewater (Kennedy et al., 2014). The focus of this study is on the energy, 
electricity and water sectors as examples of the inputs of cities and the solid 
waste and wastewater as examples of the outputs of cities. The energy and 
electricity sectors (Layer 3-1) are presented in this chapter, while the water and 
wastewater sectors (Layer 3-2) are presented in Chapter 6 and the solid waste 
(Layer 3-3) is presented in Chapter 7. This chapter (Layer 3-1) includes the 
following data: 
a) The energy sector: 
§ Primary energy production and consumption of Egypt for 2013-2014, 2014-
2015 and 2015-2016, this data includes all types of primary energy: renewable 
and non-renewable energy. 
§ Renewable energy resources (hydropower, wind and solar) production and 
consumption from 2009-2010 to 2015-2016. 
§ Natural gas and crude oil production and consumption of Egypt from 2013-
2014, 2014-2015 to 2015-2016. 
§ Percentages of households according to the type of fuel used in cooking for 
Cairo, Giza and Qalyubia Governorates and Egypt. 
§ Energy consumption of Egypt by sector (percentages) from 2009-2010 to 
2016-2017. 
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§ Energy consumption of Cairo, Giza and Qalyubia Governorates by sector in 
2015-2016. 
§ Carbon dioxide emissions of Egypt by sector (percentages) from 2009-2010 
to 2016-2017. 
b) The electricity sector: 
§ The electricity production mix of Egypt includes renewable and non-renewable 
energy resources from 2002-2003 to 2015-2016.  
§ The percentages of electricity sources of Egypt from 2002-2003 to 2015-2016. 
§ The electricity production and line losses of Egypt from 2005-2006 to 2015-
2016. 
§ The electricity production of Cairo, Giza and Qalyubia Governorates and Egypt 
from 1999-2000 to 2015-2016. 
§ The total electricity consumption of Cairo, Giza and Qalyubia Governorates 
and Egypt from 1999-2000 to 2015-2016. 
§ The electricity consumption by sector (percentages) of Cairo, Giza and 
Qalyubia Governorates from 1999-2000 to 2014-2015 and Egypt from 1999-
2000 to 2016.  
§ Percentages of households without grid electricity connection in 2017. 
Sources of the secondary data are presented in Chapter 3 Table 3-1 and the 
criteria of including and excluding reports are presented in Appendix 12. 
5.3 The energy sector in Egypt, Cairo, Giza and Qalyubia Governorates 
5.3.1 The primary energy production and consumption of Egypt 
The main sources of non-renewable primary energy production of Egypt are 
natural gas and crude oil, as shown in Figure 5-1. The linear trendlines in Figure 
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5-1 indicate that the production of natural gas from 2013-2014 to 2015-2016 is 
decreasing and the production of crude oil in the same period is almost stable. 
The share of LPG, hard coal and renewable energy is low compared to the natural 
gas and crude oil. 
 
Figure 5-1: Primary energy production of Egypt from 2013-2014 to 2015-2016.  
 The highest rate of primary energy consumption of Egypt is natural gas 
followed by crude oil (Figure 5-2). The linear trendlines in Figure 5-2 indicate that 
the consumption of natural gas slightly decreased and the consumption of crude 
oil slightly increased from 2013-2014 to 2015-2016. The consumption of other 
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Figure 5-2: Primary energy consumption of Egypt from 2013-2014 to 2015-2016. 
 The consumption of natural gas and crude oil is exceeding production as 
shown in Figures 5-3 and 5-4. This transforms Egypt from a net export country to 
a net import country (Ibrahim, 2012). This transformation affects the flow of 
foreign currency, which is necessary for importing other essential products (EIA, 
2015). Moreover, it is expected that energy demand will increase in the future 
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Figure 5-3: The natural gas production and consumption from 2013-2014 to 
2015-2016 showing the import gap. 
 
Figure 5-4: The crude oil production and consumption from 2013-2014 to 2015-




































 The representative of the Ministry of Electricity and Renewable Energy 
mentioned that the production of natural gas is increasing due to the new 
discoveries. This became apparent from the description of the electricity 
production mix in 2018 as it indicated that the share of natural gas is increasing. 
“The average percentage of natural gas is 84% daily, but the annual 
average for this year is almost 80% (2018), 8% from heavy oil. These 
percentages are for this year (2018). During the previous years, there was 
a shortage in natural gas, so the share of oil was higher. Nowadays (2018), 
the share of oil is decreasing, and the share of natural gas is increasing 
again due to the new discoveries of natural gas. The average for this year 
(2018) will be 82% natural gas, 8% oil, 7% hydropower and 3% 
renewables” (Interviewee 2). 
The current energy situation in Egypt is similar to most of the African 
countries, particularly the Northern African countries. Most African countries rely 
on traditional fuels: oil, natural gas in Northern Africa; biofuels and waste in 
Middle, Eastern and Western Africa; and oil and biofuels in Southern Africa. Most 
Northern African countries are resource-driven economies as their economies 
rely on exporting oil and natural gas (Mandelli et al., 2014). A better use of energy 
resources is required instead of relying on one or two types of energy (Mandelli 
et al., 2014). In South Africa, there is a mixed-use of traditional resources, but in 
general, the majority of African countries depend on fossil fuels with minimal 
exploitation of renewable resources even though their huge potential and 
availability (Mandelli et al., 2014). 
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 Despite the availability of natural gas in Egypt due to the new discoveries, 
the Egyptian government developed a new energy strategy for Egypt. This 
strategy was driven by international agreements on climate change and 
sustainable development goals. It is called the “Integrated Sustainable Energy 
Strategy 2035” and has four goals, presented in Table 5-1. 
Table 5-1: The goals and sub-goals of the energy strategy of Egypt. 
The Energy Strategy of Egypt 
“Integrated Sustainable Energy Strategy 2035” 
Goals Sub-goals 
1. Ensuring energy 
security of supply 
§ Diversification of energy supply. 
§ Improving energy efficiency. 
§ Upgrading energy infrastructure and transmission 
infrastructure.  
§ Encouraging private sector participation. 
2. Ensuring 
sustainability 
§ Ensuring financial sustainability of the service 
providers. 
§ Ensuring subsidy reforms of energy (which means 
removing the subsidies or having objective subsidy 





§ Improving corporate governance for service 
providers either for generation, transmission or 
distribution companies. 
§ Enhancing the government institutional setup for 
energy efficiency activities in Egypt (as there is a 
problem within the governance and the energy 
efficiency setup within the country).  
§ Ensuring the availability of continuous updating 






§ Connecting to a future regional market. 
§ Developing as gas market. 
§ Complementary gas market regulation. 
§ Strengthening the electricity market. 
§ Support for the renewable sector.  
§ Improving the sector for customers. 
The four goals and sub-goals of the energy strategy of Egypt indicate that 
the government is focused on ensuring the sustainable growth of the energy and 
electricity sectors. The representative of the Ministry of Electricity and Renewable 
Energy shed light on one of the most important sub-goals of this strategy, 
“enhancing energy efficiency.” As the government established an action plan 
called “The National Energy Efficiency Action Plan” (NEEAP). Every three years 
the government will establish an action plan with specific targets until the energy 
2035 target is achieved. The main target for the current NEEAP is to enhance the 
institutional setup and the governance of the energy efficiency sector through 
coordination between different sectors because it is a cross-sectional activity. Its 
role is to coordinate, create good governance within the sectors, finalize and 
establish a monitoring and evaluating system for the energy target, and to create 
a financial stream to support energy efficiency activities. Moreover, to develop an 
energy efficiency fund, energy efficiency laws and guarantees, so it will use all 
kinds of available finances in the country and target it towards energy efficiency. 
This indicates that there is currently a huge development in the energy 
sector in Egypt. For example, the government established an energy strategy 
followed by an action plan that will be updated every three years. This shows the 
consistency of implementing the energy strategy. Even if the ministers change at 
any time, the new ministers will have to adhere to the energy strategy goals. This 
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was one of the major challenges in Egypt in the past in all sectors as the 
strategies were dependent on the newly formed government and ministers, often 
leading to disjointed strategy making and policy implementation. 
5.3.2 Renewable energy resources of Egypt 
The main types of renewable energy resources of Egypt are hydropower, wind 
and solar energy. The share of all types of renewable energy resources was 1% 
of the primary energy production of Egypt in 2015-2016 (Figure 5-5). This share 
is considered low compared to the potential of wind and solar power in Egypt 
(see Chapter 4), the potential of sludge-to-energy (see Chapter 6) and waste-to-
energy (see Chapter 7). 
 
Figure 5-5: Percentages of primary energy production of Egypt in 2015-2016. 
 The share of hydropower is higher than wind, which, in turn, is higher than 
solar energy (Figure 5-6). Hydropower production was almost stable from 2009-
2010 to 2015-2016. The main source of hydropower is the High Dam in Aswan. 


















(Interviewee 2) pointed out that there is no potential to increase the production of 
hydropower in the future.  
“The objective is by 2022 the percentage of renewable energy will reach 
20%. I would like to distinguish between two things: the energy balance and 
the electricity balance (mix) of Egypt. The energy balance of Egypt consists 
of 95% oil and gas, 5 % renewable (2018). The electricity balance 
(production mix) is 90% oil and gas, 10% renewable that includes 7 to 8% 
hydropower and it is relatively decreasing. There is no potential in 
increasing hydropower in Egypt. And only 2 to 2.5% of other renewable 
energy resources mostly wind (2018)” (Interviewee 2). 
 
Figure 5-6: The renewable energy (hydropower, wind and solar) production of 
Egypt from 2009-2010 to 2015-2016.  
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 Despite the limited potential of hydropower in Egypt, the government set a 
target to increase the share of renewable energy to reach 20% by 2022 and 35% 
by 2030 of which 5% hydropower, 16% solar and 14% wind power (Cabinet of 
Ministers - Arab Republic of Egypt, 2016). By 2035, the share of renewable 
energy is targeted to reach 42%, but, as this interviewee revealed, this is under 
revision. This shows that the government is focused on enhancing the solar and 
wind power to achieve these targets rather than the hydropower. The 
representative of the Ministry of Electricity and Renewable Energy outlined the 
huge potential of solar energy in Egypt, considered one of the world’s best 
locations for solar energy.  
“Egypt has a huge potential for solar power, it is one of the world’s best 
locations for solar power” (Interviewee 2). 
 Despite the huge potential of solar energy in Egypt, Figure 5-6 shows that 
the share of wind energy is higher than the share of solar energy. The 
representative of the Ministry of Electricity and Renewable Energy (Interviewee 
2) explained that the development of wind energy in Egypt exceeded solar power 
in the past due to the following reasons: 
§ Internationally, the development of wind energy exceeded the solar energy. 
“This was an international trend at that time” (Interviewee 2). 
§ The availability of the world’s best locations for wind power in Egypt. 
“But it also has one of the world’s best locations for wind power Gabel El 
Zeit near the Gulf of Suez. The capacity factor of Gabel El Zeit is around 
60%. A wind plant becomes as a thermal plant” (Interviewee 2). 
§ The capacity factor of wind energy is higher than solar energy. 
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“Wind power has another advantage; wind has a capacity factor. If you 
install one megawatt, it could generate a capacity factor, which means that 
the quantity of energy divided by the installed capacity multiplied by 8760 
(the number of hours per year). Wind energy has double the capacity 
factor. For wind power, we are talking about 40% capacity factor while for 
solar power it is about 20% maximum” (Interviewee 2). 
§ Wind power contributes to the peak demand (night) of Egypt.  
“Usually the wind energy is available in Egypt during the sunset and by 
night, which is the time of our peak demand. Solar energy is available in 
the morning that is not during our peak demand. We consider the capacity 
credit. The capacity credit is how much this renewable energy source 
could contribute to the peak demand. Wind energy has a contribution 
around 25% of this capacity. Solar is zero because it is available in the 
morning not during our peak demand” (Interviewee 2). 
§ Wind power was a well-proven technology compared to solar power. 
“By 2014, the prices of solar power started to drop, but wind power was a 
much more mature technology compared to solar power. Solar energy was 
not that mature enough like wind energy. Wind energy has an older history 
in the country” (Interviewee 2). 
§ Wind power was cheaper at that time.  
“As at that time, the price of solar power was more expensive than wind 
power. For example, the first wind project, during 2010 and 2014 the price 
of solar power was 20 cent per kilowatt-hour on average, while for wind 
power it was 10 cent per kilowatt-hour” (Interviewee 2). 
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 Although the development of wind power in Egypt was higher than solar 
power in the past, nowadays, the government’s target indicates that the share of 
both solar energy and wind energy will increase in the future. The representative 
of the Ministry of Electricity and Renewable Energy explained the drivers of 
increasing the share of renewable energy in Egypt are due to the following 
reasons:  
§ In general, the price of renewable energy (solar and wind) now has gone below 
the price of conventional energy.  
“Recently we received offers for a tender of 200 megawatt PV solar plant. 
The offers were starting from 2.8 cent per kilowatt-hour compared to what 
we generate from the best efficient oil and gas facility is around 5 cent per 
kilowatt-hour” (Interviewee 2).  
“The cost of large solar and wind power is below 4 cent per kilowatt-hour 
while the conventional power plants or oil and gas are around 5 and 6 cent 
per kilowatt-hour. It is no longer that renewable energy is more expensive 
than non-renewable energy” (Interviewee 2). 
“Nowadays, the solar energy specifically the introduction of PV and the 
improvement of its efficiency reduced its price” (Interviewee 2). 
§ The contractual capacity and practices for renewable energy projects 
improved in Egypt. 
“We reached a level of prices that beats, the last tender in Egypt is one of 
the lowest internationally either for wind or solar. This proves two things 
the good contractual practices that means the good quality of your 
documents. This includes the power purchases agreements and the 
solicitation process” (Interviewee 2). 
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§ The experience and knowledge of managing solar energy projects are 
increasing.  
“In addition, we have two rounds of feed-in tariff for solar power, so the 
country has an experience in dealing with such projects” (Interviewee 2). 
§ The renewable energy sector in Egypt has a conducive environment for 
investment compared to other countries due to its huge capacity and the 
substantial growth of renewable energy projects to achieve the government’s 
target. 
“The potential of the renewable energy growth market is substantial as the 
target is to achieve 42% of electricity generated from renewable energy by 
2035. This is equivalent to 80 gigawatts. This means that the Egyptian 
market is expanding substantially. If you compare it to the Moroccan 
market, Jordanian or the Emirati they might be growing faster nowadays, 
but in the end, these markets have a capacity. The capacity of these 
markets is small and limited” (Interviewee 2). 
§ Public pressure on the government to increase the share of renewable energy, 
as this will ensure that the price of electricity will remain fixed in the future 
rather than relying on traditional fuels that have unpredictable prices each 
year.  
“There is a public pressure on the government to maximize the use of 
renewable energy to reduce the price of energy in the future. One of the 
things that I have not mentioned about renewable energy is that renewable 
energy provides a fixed price for electricity so if we build a power plant 
now; we know the cost of electricity will not change too much for the next 
twenty years because it is an investment cost. For conventional power 
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plants, we cannot predict the price of energy next year so we cannot know 
the cost of electricity because conventional power plants rely on oil and 
gas that are variable parameters you cannot predict their prices next year” 
(Interviewee 2). 
5.3.3 Challenges of the development of renewable energy projects in 
Egypt 
§ There is a lack of clear perspective of implementing renewable energy 
projects. Despite the potential of renewable energy resources in Egypt, the 
representative of the Ministry of Electricity and Renewable Energy described 
the process of transferring these resources into energy as “complicated”. He 
clarified that the process includes resources identification, project 
identification, technology challenges, biding and financing and many other 
challenges. This indicates that the barriers of increasing the share of 
renewable energy include many other aspects, not only the lack of knowledge 
as mentioned in previous studies but also the lack of the experience of biding, 
contracting and financing such projects. 
“Many people might think that the use of renewable energy because we 
just have the resource means that we have this energy, but in order to 
transfer this source into useful energy it is a complicated process which 
includes resource identification, project identification, technology 
challenges, biding and financing and many other challenges” (Interviewee 
2). 
§ The government will be able to increase the share of solar power and meet 
2022 target as most of the projects are already identified, but for wind power, 
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the projects are not yet resolved. Therefore, the share of solar energy will 
exceed the share of wind energy in the future.  
“It is a challenge, as I mentioned to achieve the target; we need to build 
7000 megawatt of wind energy and 3000 megawatts of solar energy. I 
expect that we could achieve the solar power target. The wind target is still 
being challenged because as I mentioned we have between operation, 
contracting and under contractual processes at different stages are about 
5000 megawatts. We still have a gap of 2000 megawatt to achieve the 
target by 2022. To achieve it within the next four years it is a challenge. 
Regarding the solar power target, it is achievable because already the 
projects that are under development or contracting would cover the target. 
For wind energy, we still have a gap of 2000 megawatt that should be 
covered. Even the 3000 megawatt of wind power includes 2000 megawatt 
which is the mega-contract with Siemens that is still being under 
negotiations because the price of Siemens offer is too high and 
unacceptable” (Interviewee 2). 
§ There is difficulty operating the grid with a high share of renewable energy 
resources (such as hybrid systems). This indicates that the existing grid is not 
suitable for receiving and transmitting renewable energy resources. Therefore, 
the government is currently upgrading the grid.  
“It is not easy to operate a grid with high share of renewable energy 
regarding the grid’s stability” (Interviewee 2). 
§ Community acceptance: the utility size is much more accepted than the 
distributed systems. 
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“Actually, if we talk about the social aspect, I will differentiate between two 
things; utility size use of renewable energy which we mean large power 
plants; I think the community will cope with this size of projects. From a 
social aspect regarding the utility size, yes, it is very much accepted 
socially” (Interviewee 2). 
5.3.4 Challenges of distributed systems in Egypt 
§ Urban planning: high buildings beside short buildings create shaded areas that 
reduces the efficiency of solar panels. This is a common problem in high and 
medium-density settlements in Egypt (Figure 5-7). 
 
Figure 5-7: High buildings and short buildings high-density settlements in Egypt 
(Source: author’s site visits).  
§ The ownership pattern of the roofs is not identified. 
§ The prices of distributed systems are more expensive than the utility size. 
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§ The weak connections in informal settlements are not suitable for distributed 
systems. 
§ Financing: the lack of interest and developed bank systems to finance such 
businesses for high-income households who are able to install solar panels. 
Moreover, the lack of guarantees that could be provided by customers, 
specifically households of informal settlements, most of which do not have 
bank accounts. 
“Regarding distributed renewable energy resources that is basically, 
although there might be a convincement within the public regarding their 
importance, there are many other challenges. First, if we talk about top 
roof solar systems actually the urban planning, you will find high buildings 
beside short buildings. The high buildings will create a shaded area on top 
of the short buildings that will affect the efficiency of solar panels. The 
second challenge is the ownership pattern, you might  have a building that 
the roof is not owned by anyone each apartment can be owned by 
separate entity or whatever, it is a challenge in that aspect and it is not that 
easy to have a kind of collective system to serve a building so, this is 
another challenge. The third challenge is the distributed solar systems are 
still expensive. The prices of the utility size as mentioned previously is 
going low quickly, but the prices of distributed systems are not that elastic 
in price changes, they are still expensive. Another challenge is the 
financing; the banks are not willing very much for this retail businesses. 
Second, there is not enough guarantees that could be provided by 
customers. There should be a bank system developed for this. I am talking 
about high-income consumers who are able to install solar systems. I am 
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not talking about middle and low-income households. Regarding unofficial 
buildings and areas, I think there is a challenge regarding the grid because 
some of these areas are informal, they are prevented from the grid (not 
allowed to be connected to the national grid) so they connect to the grid in 
an informal way (illegally). The grid is not that strong to deal with such 
illegal connections so, it weakens the strength of the grid. They are low-
income households, they are not able to provide any kind of credit any 
form of bank statements, many of them do not deal with banks and they 
do not have bank accounts” (Interviewee 2). 
However, solar panels can be more efficient in new satellite cities (low-density 
settlements) as urban planning is better and the ownership pattern of roofs is 
clear (Figure 5-8). For wind energy, it is not suitable for inner cities. 
 
Figure 5-8: Low-density settlements in New Cairo, a new satellite city in Cairo 
Governorate (Source: author’s site visits). 
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5.3.5 Challenges of waste-to-energy technology in Egypt 
Despite the barriers of developing solar and wind energy in Egypt as mentioned 
above, the government is mostly focused on removing these barriers and 
increasing the share of solar and wind power. Additionally, the representative 
from the Ministry of the Electricity and Renewable Energy did not discuss waste-
to-energy technologies. However, there is a huge potential of waste-to-energy 
technologies in Egypt as organic waste represents 60% of the total municipal 
solid waste. The amount of organic waste is rising and is expected to increase in 
the future due to the rapid population growth. When I asked the representative of 
the Ministry of Electricity and Renewable Energy about the potential of waste-to-
energy in Egypt, he highlighted the advantages and disadvantages of this sector 
in Egypt as presented in Table 5-2. 
Table 5-2: Advantages and disadvantages of waste-to-energy technology in 
Egypt. 
Advantages Disadvantages 
§ Available all the time not 
limited as the solar and wind 
power. 
§ Much more controllable 
compared to the solar and 
wind power. 
 
§ Limited capacity (maximum 1000 
megawatt) compared to the solar 
and wind power. 
§ From administrative point of view, 
it is very much complicated 
compared to solar and wind 
power. 
§ The lack of a proper waste 
management system. 
§ The process is complicated as it 
includes collection, storage, 
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transportation, disposal and 
generation. 
§ Low quality fuel.  
§ The cabinet has issued a feed in 
tariff for the waste and some 
activities, but still the governance 
of this sector is not well defined. 
§ Many partners are involved such 
as the Ministry of Electricity, the 
Ministry of Environment, the 
Ministry of Local Development, the 
city council and municipalities. 
This indicates that the major challenges of the development of waste-to-
energy in Egypt are the lack of governance, the lack of a proper waste 
management system, many partners are involved in this sector and there is a 
lack of coordination between them. Even the Ministry of Environment is acting as 
a champion for waste management and developing waste-to-energy 
technologies in Egypt, but it is not an implementing entity (see in Chapter 7). For 
renewable energy like solar and wind, the Ministry of Electricity and Renewable 
Energy is acting as a champion and it is an implementing entity. Therefore, the 
development of solar and wind energy is exceeding waste-to-energy 
technologies because they are being supported by the energy and electricity 
sectors in Egypt. Both sectors are more powerful than the Ministry of 
Environment. While conducting the semi-structured interview with the 
representative of the Ministry of Electricity and Renewable Energy the discussion 
was focused on solar and wind and the semi-structured interview with the 
representative of the Ministry of the Environment most of the discussion was 
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focused on waste management and waste-to-energy technologies. This indicates 
that the energy and electricity sectors in Egypt are not interested in developing 
waste-to-energy technologies. The interviewee described organic waste as a 
‘dirty fuel’ and they are not interested in investing in, due to the complicated 
nature of the process of converting the organic waste-to-energy. However, the 
Ministry of the Environment is interested in developing waste-to-energy 
technologies because it is aware of their potential not just as a source of clean 
and renewable energy, but also as means to improve the country’s environmental 
conditions. 
5.3.6 The primary energy production and consumption of Cairo, Giza and 
Qalyubia Governorates  
The Energy and Electricity annual reports from 1999 to 2016 indicate that Cairo, 
Giza and Qalyubia Governorates do not produce energy and rely on other 
governorates to meet their energy demands. The available data of the primary 
energy (natural gas and LPG) consumption of Cairo, Giza and Qalyubia is shown 
in Table 5-3, as mentioned previously the data of the primary energy consumption 
of the three governorates were limited. The natural gas consumption in 2013-
2014 and 2014-2015 includes Cairo and Giza Governorates while in 2014-2015 
the natural gas consumption of Cairo and Giza Governorates is presented 
separately. This is an example of the inconsistent methods of data collection, 
which complicates the identification, and assessment of the energy consumption 




Table 5-3: The primary energy consumption of Egypt, Cairo, Giza and Qalyubia 
Governorates from 2013-2014 to 2015-2016. 
 
The available data of natural gas consumption as presented in Table 5-3 
is used to calculate the percentages of natural gas consumption of the three 
governorates and the rest of Egypt as shown in Figure 5-9. The percentage of 
the natural gas consumption of Cairo and Giza in 2013-2014 is more than a 
quarter the consumption of Egypt. 
 
Figure 5-9: The natural gas consumption of Cairo, Giza, Qalyubia Governorates 
and the rest of Egypt in 2013-2014. 
Qalyubia Giza Cairo Egypt Qalyubia Giza Cairo Egypt
2013-2014 _ 37579522 308794 366443 360483 4157000 Tons
2014-2015 _ 35335000 283150 312464 331428 4140762 Tons
2015-2016 _ _ 12667621 36755000 296304 319933 317260 4260008 Tons
Year Units
* includes both Cairo and Giza
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The percentages of natural gas consumption in 2015-2016 are calculated 
as shown in Figure 5-10. The percentage of natural gas consumption of Cairo 
Governorate in 2015-2016 is 34% and Giza 0% and, as mentioned previously, 
the natural gas consumption of Cairo and Giza Governorates in 2015-2016 are 
presented separately (see Table 5-3).  
 
Figure 5-10: Natural gas consumption of Cairo (error), Giza, Qalyubia 
Governorates and the rest of Egypt in 2015-2016. 
Although this data is collected from the Central Agency of Public 
Mobilization and Statistics, it is inaccurate because the percentages of the 
households according to the type of fuel used in cooking in 2017 as shown in 
Figure 5-11 indicate that 65% of households in Giza Governorate use natural gas 
as cooking fuel. This proves that the value of natural gas consumption of Giza 
Governorate should be more than 0%. It is assumed that 34% of natural gas 
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The Central Agency for Public Mobilization and Statistics published the 
percentages of households according to the type of fuel used in cooking for the 
first time in 2017. Natural gas is used mostly as a cooking fuel in urban areas of 
Cairo, Giza and Qalyubia Governorates and Egypt and the gas cylinder is mostly 
used as a cooking fuel in rural areas. This shows the potential of using biogas 
(renewable sources of energy) as a cooking fuel instead of the natural gas (non-
renewable source of energy) specifically in urban areas because the biogas could 
be fed into the existing natural gas grid with minimal adjustments.  
 
Figure 5-11: Percentages of households according to the type of fuel used for 
cooking in 2017.  
 The liquified petroleum gas (LPG) consumption of Cairo, Giza and 
Qalyubia totalled quarter the consumption of all Egypt in 2013-2014 (Figure 5-
12). This percentage slightly decreased in 2015-2016 (Figure 5-13), although the 
Urban Rural Urban Rural Urban Rural
Cairo Giza Qalyubia Egypt
Gas Cylinder 29.51% 33.77% 92.82% 34.81% 91.48% 45.61% 96.48%
Natural Gas 70.19% 65.78% 6.83% 64.98% 8.30% 54.10% 3.35%
Electricity 0.24% 0.41% 0.32% 0.16% 0.18% 0.24% 0.10%
Solar Energy 0.03% 0.03% 0.01% 0.03% 0.02% 0.02% 0.01%
Kerosene 0.02% 0.01% 0.02% 0.01% 0.02% 0.03% 0.04%












Percentages of households according to the type of fuel used for
cooking (2017)
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overall LPG consumption of Cairo, Giza, Qalyubia Governorates and the rest of 
Egypt was almost stable from 2013 to 2016 (Figure 5-14). 
 
Figure 5-12: LPG consumption of Cairo, Giza, Qalyubia Governorates and the 
rest of Egypt in 2013-2014. 
 
Figure 5-13: LPG consumption of Cairo, Giza, Qalyubia Governorates and the 































Figure 5-14: The LPG (liquified petroleum gas) consumption of Cairo, Giza, 
Qalyubia and the rest of Egypt in from 2013-2014 to 2015-2016. 
5.3.7 Energy consumption of Egypt by sector (percentages) from 2009-
2010 to 2016-2017 
The electricity sector has the highest energy consumption compared to the other 
sectors and has been consistently increasing from 2009-2010 to 2016-2017 as 
shown in Figure 5-15. This is followed by the energy consumption of the industrial 
sector that has been consistently decreasing over the same period. The energy 
consumption of transport, residential, petroleum and construction sectors were 























LPG consumption of Cairo, Giza, Qalyubia and the rest of Egypt 
(million tons)
from 2013-2014 to 2015-2016 
The rest of Egypt Cairo Giza Qalyubia
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increasing, and the agriculture sector has the lowest energy consumption 
compared to other sectors and has been consistently decreasing.  
 
Figure 5-15: Energy consumption of Egypt by sector from 2009-2010 to 2016-
2017. 
 In 2009-2010, the energy consumption of the electricity sector was 36%, 
followed by the industrial sector that was 24% and then the transport sector 15% 
(Figure 5-16). The total energy consumption of the three sectors was three 
















Energy consumption of Egypt by sector (million tons)
from 2009-2010 to 2016-2017
Agricultural Construction Tourism
Petroleum Residential Transport
Industrial Electricity Linear (Agricultural)
Linear (Transport) Linear (Industrial) Linear (Electricity)
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Figure 5-16: Percentages of energy consumption of Egypt by sector in 2009-
2010. 
In 2016-2017, the energy consumption of the electricity sector increased 
as it reached 42%, followed by the industrial sector that was 19% and then the 
transport sector 16% (Figure 5-17). The total energy consumption of the three 
sectors became more than three-quarters of the total consumption of Egypt. The 
energy consumption of the agriculture and construction sectors decreased, and 

























Figure 5-17: Percentages of energy consumption of Egypt by sector in 2016-
2017. 
5.3.8 Energy consumption of Cairo, Giza and Qalyubia Governorates by 
sector in 2015-2016 
The energy consumption of Cairo, Giza and Qalyubia Governorates by sector is 
available in the Central Agency for Public Mobilization, Electricity and Energy 
annual reports from 1999-2000 to 2015-2016. The quality of these reports is poor, 
so it was difficult to obtain the required data. However, the quality of the Electricity 
and Energy 2015-2016 report was better than the previous reports, so I was able 
to present the available data in Table 5-4. Due to the missing data of the energy 
consumption of Giza and Qalyubia as shown in Table 5-4, I could not calculate 
























LPG consumption of Egypt in Table 5-4 is not equal to the energy consumption 
mentioned in Figure 5-15. This is an example of the misleading and inaccurate 
data that is published in official reports specifically at the city or governorate level. 
Table 5-4: The energy (natural gas and LPG) consumption by sector of Egypt, 
Cairo, Giza and Qalyubia Governorates in 2015-2016. 
Energy Consumption (Natural Gas and LPG) 2015-2016 
Sector 
Industrial Residential Commercial 
Vehicle 
services 
Services other units 
NG LPG NG LPG NG LPG NG LPG NG LPG NG LPG Tons 
Qalyubia _ 424 _ 231077 _ 64803 _ _ _ _ _ _ Tons 
Giza 3049 _ _ 284669 _ 32156 _ _ _ 59 _ _ Tons 
Cairo 768331 1900 1072002 241803 _ 69693 11853 _ 373 _ 10815435 3491 Tons 
Egypt 3817276 9214 1437449 3685135 _ 559471 23230 _ 2687 _ 31477045 3501 Tons 
5.3.9 Carbon dioxide emissions of Egypt by sector (percentages) from 
2009-2010 to 2016-2017 
The electricity sector has the highest CO2 emissions in Egypt and has been 
increasing since 2009-2010 as it reached 43% in 2016-2017, as shown in Figures 
5-18 and 5-19. Electricity production is expected to increase in the future due to 
the rapid population growth and the economic and social growth. Therefore, the 
percentage of CO2 emissions of the electricity sector will increase significantly in 
the future if renewable energy resources do not replace conventional fuels. The 
electricity sector is followed by the CO2 emissions of the transport sector that is 
around 18% that remained almost stable over a period of 17 years. Then the CO2 
emissions of the industrial sector that has been decreasing since 2009 and 
reached 15% in 2017. The total percentage of the CO2 emissions of the 
electricity, transport and industrial sectors is 77% of the total CO2 emissions of 
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Egypt. Focusing on improving the performance of these sectors towards 
sustainable development will have a great impact on the environmental 
conditions in Egypt. 
 























































Transport Electricity Linear (Industrial)
Linear (Transport) Linear (Electricity)
 199 
 
Figure 5-19: Percentages of CO2 emissions of Egypt by sector in 2016-2017. 
 The energy consumption and CO2 emissions of Egypt by sector are 
presented in Figure 5-20. The results of this integration indicate the strong 
correlation between energy consumption and CO2 emissions. This is due to the 
high consumption of conventional fuels (natural gas and crude oil) in Egypt. This 
data was not available for Cairo, Giza and Qalyubia Governorates, however, if 
this is the situation of Egypt (at a country level), so it is expected that the three 
governorates will be mostly relying on non-renewable energy resources and 
























Figure 5-20: Energy consumption and CO2 emissions of Egypt by sector from 
2009-2010 to 2016-2017. 
5.3.10  The government’s current initiatives for the energy sector 
The current situation of the energy sector in Egypt, Cairo, Giza and Qalyubia 
Governorates indicates the high dependency on traditional fuels that have a huge 
impact on the environment. The energy strategy of Egypt mainly focuses on 
energy efficiency rather than energy conservation. The representative of the 
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“Actually, it is not to reduce the consumption because we are still under 
consuming electricity. The share per capita is around 1600 kWh per capita 
(kilowatt-hour per capita), which is extremely low compared to other 
developed countries. The modest consumption we normally talk about 
3000 to 4000 kWh per capita (kilowatt-hour per capita). It is expected to 
reach a modest consumption is basically to increase the consumption per 
capita to reach 3000 to 4000 kWh and this is why the energy policy is 
focusing on energy efficiency not energy conservation” (Interviewee 2). 
This indicates that the government is focused on increasing electricity 
consumption in the future but will ensure that this increase is an efficient increase. 
The representative of the Ministry of Electricity and Renewable Energy also 
revealed that the objective of the energy strategy of Egypt is to reduce the energy 
intensity of the country. This will require developing the GDP of the country with 
less energy consumption. To ensure this, the government set a target to reach 
relative reduction from the expected energy consumption by 2035 to 18% by 
focusing on three main sectors: the residential, industrial and transportation.  
Moreover, the government established the following: 
§ The National Energy Efficiency Action Plan (NEEAP), which is an action plan 
(see above) to ensure the implementation of the energy strategy.  
§ Legislate for energy efficiency: 
a. To support the distributed generation including (mostly) renewable energy 
resources and coal generation.  
b. To support the establishment of a monitoring and assessment network. 
Each customer who has an energy contracting capacity beyond a certain limit 
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should have an energy manager. All energy managers will be reporting to the 
National Energy Register, which is still underdeveloped. 
c. To support a programme for disseminating efficient appliances and 
equipment and to start approving energy labels and standards. 
§ Energy efficiency indicators that are issued by the Egyptian Electricity Utility 
and Consumer Protection Regulatory Agency (EgyptERA) to enhance the 
energy efficiency of the electricity sector in Egypt (Table 5-5). 
Table 5-5: The energy efficiency indicators. 
Energy efficiency indicators 
1. Energy intensity 
This is the value added per kilowatt-hour consume 
that is the energy intensity. How much each 
kilowatt-hour is being consumed in the country 




This indicator is specifically for energy 
consumption that means how many tons per each 
product are being used or how much energy is 
being consumed. 
3. Social indicator 
How many kilowatt-hours are costing the 
government to create one job opportunity per each 
sector? 
These are the government’s initiatives to enhance the efficient use of 
energy resources in Egypt. The government also set a target to increase the 
share of renewable energy resources to reach 20% of the total primary energy 
production by 2022. To meet this target the government issued a law in 2014 to 
enhance the generation of electricity using renewable energy. This law includes 
four schemes; the first is the statutory investment, which is done through NREA 
(New and Renewable Energy Authority). The second is the concession kind of 
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activity like the BOO contract (BOO: build, own, operate). The third is the feed in 
tariff, “tariff reform as we mentioned increases the financial attractiveness for the 
renewable energy projects” (Interviewee 2). The fourth is the merchant type that 
enables anyone to generate electricity from renewable energy and sell it directly 
to customers through energy banking.  
“There is a net metering scheme that is issued by the Regulatory Agency 
(Egyptian Electricity Utility and Consumer Protection Regulatory Agency 
EgyptERA), which allows you to produce energy from renewable energy 
resources and export your excess energy to the grid and exchange 
electricity with the grid and being paid for whatever excess energy to 
support the distributed solar energy” (Interviewee 2).  
The second part of this law is about the responsibility for the management 
of the grid. This means that when the grid is contracting for generation capacity, 
it contracts on a take-or-pay contract. The third part of this law is the priority of 
dispatch. This means that if there are grid bottlenecks, the priority for electricity 
to pass should go to that generated from renewable energy resources. The fourth 
part of this law is about enabling state land that is suitable for renewable energy 
projects in return the government receives 2% of the generated renewable 
energy. This is regulated and the 2% is a fixed rate. Governors are not allowed 
to increase or change this rate.  
The final part of this law is to create a mechanism to enhance demand for 
renewable energy. It creates a quota-like system that gives the power to the 
cabinet to request some of the sectors to consume a percentage or a share of 
renewable energy and pay the renewable energy at its cost. The Egyptian 
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Electricity Utility and Consumer Protection Regulatory Agency (EgyptERA) 
issues ‘guarantee of origin’ certificates to make sure that the credited energy is 
generated from renewable energy. Every producer should have this guarantee of 
origin certificate and sell this certificate to customers who consume renewable 
energy. This certificate could be used as a settlement mechanism for the quota 
or any future incentives that could be offered by the government for consumers 
who use renewable energy. This is to encourage consumers to use renewable 
energy. 
§ The government also established international interconnection to support the 
development of renewable energy and to improve the system’s stability and 
security of supply. 
“For example, the interconnection between Egypt and Saudi Arabia that is 
expected to be in operation by 2021. We are talking around 3000 
megawatts. The motive operation for this interconnection is that Saudi 
Arabia has a peak demand during daytime, while we have a peak demand 
during night-time. We will export to Saudi Arabia during daytime and we 
will import back during night-time. When we export to Saudi Arabia, we will 
export electricity that is generated from solar energy. Then we will import 
it back from Saudi Arabia as if we are using Saudi Arabia as a storage 
facility. We will export the excess solar energy that we produce during the 
daytime and import it back during the night-time. This was an example of 
how international interconnections can support the growth of renewable 
energy” (Interviewee 2). 
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5.4 The electricity sector in Egypt, Cairo, Giza and Qalyubia Governorates 
5.4.1 Electricity production mix (hydro, solar, wind and thermal) of Egypt 
The electricity production mix of Egypt since 2002-2003 to 2015-2016 shows that 
Egypt has been relying on two types of non-renewable energy resources: natural 
gas and oil with a small share of renewable energy (Figure 5-21).  
 
Figure 5-21: The electricity production mix (GWh) of Egypt since 2002-2003 to 
2015-2016. 
 All types of non-renewable energy resources are presented in Figure 5-21 
as “thermal” because this data was not available for each type individually. 
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(Interviewee 2) clarified that for 2018, the share of natural gas is 82%, heavy oil 
is 8%, 7% hydropower and 3% renewables. 
“The average percentage of natural gas is 84% daily, but the annual 
average for this year is almost 82% (2018), 8% from heavy oil. These 
percentages are for this year (2018). During the previous years, there was 
a shortage in natural gas, so the share of oil was higher. Nowadays, the 
share of oil is decreasing, and the share of natural gas is increasing again 
due to the new discoveries of natural gas. The average for this year will be 
82% natural gas, 8% oil, 7% hydropower and 3% renewables. There are 
some substantial renewables added this year. The target by 2022 is to 
achieve 20% of renewable including the hydropower. By 2022, it is 
expected that the hydropower will be 5.5% to 6% that means that 
additional 14% will come from wind and solar energy” (Interviewee 2). 
This indicates that the total of non-renewable energy resources (natural gas and 
oil) in 2018 is 90%, 7% hydropower and 3% renewables (wind and solar). If we 
compare these percentages with the electricity production mix of Egypt in 2015-
2016 (Figure 5-22), we will find that the share of non-renewable energy resources 
decreased 1.5%, hydropower decreased 0.3% and the share renewable energy 
(solar and wind) increased 1.8% in 2018.  
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Figure 5-22: Percentages of the electricity production mix of Egypt in 2015-2016. 
The electricity production mix of Egypt is similar to most developing 
countries that rely on one or two types of non-renewable energy resources for 
electricity production that is mainly used in the residential sector (Facchini et al., 
2017). In developed countries, in contrast, the electricity production mix usually 
includes different types of energy resources rather than relying on one or two 
types (Facchini et al., 2017). 
5.4.2 Sources of electricity generation in Egypt (percentages) 
Calculating the percentages of the sources of electricity generation is an 
important indicator because it identifies which types of resources have been 
mostly used over time to generate electricity. Moreover, this indicator shows 
which resources have been increasing or decreasing over time. In Egypt, the 


















from 2002 to 2016 (Figure 5-23). The share of the hydropower is relatively 
decreasing, as mentioned previously in this chapter that the main source of 
hydropower is the High Dam in Aswan and this share is expected to continue 
decreasing in the future. The representative of the Ministry of Electricity and 
Renewable Energy outlined that 
“the energy balance of Egypt you have 95% oil and gas, 5 % renewable, 
but for the electricity balance (production mix) 90% oil and gas, 10% 
renewable which includes hydropower 7 to 8% that is relatively 
decreasing. There is no potential in increasing the hydropower in Egypt” 
(Interviewee 2). 
“There are some substantial renewables added this year. The target by 
2022 is to achieve 20% of renewable including the hydropower. By 2022, 
it is expected that the hydropower will be 5.5% to 6% that means that 
additional 14% will come from wind and solar energy” (Interviewee 2). 
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Figure 5-23: Percentages of electricity production mix of Egypt from 2002-2003 
to 2015-2016. 
5.4.3 Electricity production and consumption of Egypt 
The average annual growth rate of electricity production in Egypt was 10.3% over 
a period of 16 years from 1999-2000 to 2015-2016 (Figure 5-24). The annual 
growth rate of electricity consumption was 7.48% over a period of 16 years from 
1999-2000 to 2015-2016 (Figure 5-24). Electricity production and consumption 
are expected to increase in the future, as the government’s target is to increase 
the electricity consumption per capita. This will be achieved through increasing 
the share of renewable energy resources and enhancing the efficient use of 
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Figure 5-24: Electricity production and consumption of Egypt from 1999-2000 to 
2015-2016. 
5.4.4 Electricity production and line losses of Egypt 
The line losses include both the losses from the grid and the self-consumption of 
the power plants. The average percentage of annual electricity line losses in 
Egypt was 15% of the electricity production over a period of 10 years (from 2005-
2006 to 2015-2016) see Figure 5-25. However, the representative of the Ministry 
of the Electricity and Renewable Energy Resources revealed that these losses 
are not accurate as the actual losses are 15% to 18%. The Ministry of Electricity 
publishes a report that shows the total electricity production by kilowatt in a 
specific year and the total number of bills by kilowatt that were issued in the same 
year. If the difference between the two numbers were calculated, that will be the 
electricity losses in that specific year. Usually, the official reports of the Ministry 
of Electricity show losses that are less than are actually the case to show the 
achievements of the Ministry by changing the financial balance of the price of the 
1999-2000 2005-2006 2011-2012 2015-2016
Production 70277.8 108865.8 157406.8 186320















Egypt - electricity production and consumption 
from 1999-2000 to 2015-2016
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electricity for different categories, so they make it a financial balance, not an 
energy balance. For example, the official reports of the distribution companies 
show that the total losses of electricity are around 12%, but the actual total losses 
are around 15% to 18% the difference is due to the changes that they do in the 
financial balance. The average annual electricity losses of Egypt are high 
compared to high-income countries (6%) and is almost equal to lower-middle-
income countries (16%) in 2014 (The World Bank, 2020). 
 
Figure 5-25: Total electricity production of Egypt and the percentages of line 
losses (includes the line losses and the non-revenue losses) from 2005-2006 to 
2015-2016. 
5.4.5 Types of electricity losses in Egypt 
§ Technical losses: include losses from the grid itself. 
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a. Inaccurate readings of electricity meters, some which, due to age, fail to 
accurately measure electricity consumption.  
b. Illegal connections from the main grid. There are two types of theft: some 
steal directly from the grid (Ministry of Electricity owned), while others steal 
from another customer like the city council by connecting to street lighting 
poles. In other cases, some residents build illegal levels on top of their existing 
units. By law it is forbidden to install electricity meters for illegal units, but the 
owners connect these to their existing electricity meters. 
c. Non-accurate estimates of electricity consumption. In some informal 
settlements there are no electricity meters because these are illegal 
connections. The residents of informal settlements are forced to pay a fixed 
fine every month (usually an estimated lump sum). The police is responsible 
to collect this money, for which it top slices 30% of the fine, and the rest goes 
to the Ministry of Electricity. Usually the fine is not accurate because it is an 
estimate and it is a fixed amount, so it is a poor proxy for the actual levels of 
electricity consumed. 
§ Technical losses: include losses from the grid itself. 
§ Commercial losses include three types of losses: 
a. Inaccurate readings of electricity meters, some which, due to age, fail to 
accurately measure electricity consumption.  
b. Illegal connections from the main grid. There are two types of theft: some 
steal directly from the grid (Ministry of Electricity owned), while others steal 
from another customer like the city council by connecting to street lighting 
poles. In other cases, some residents build illegal levels on top of their existing 
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units. By law it is forbidden to install electricity meters for illegal units, but the 
owners connect these to their existing electricity meters. 
c. Non-accurate estimates of electricity consumption. In some informal 
settlements there are no electricity meters because these are illegal 
connections. The residents of informal settlements are forced to pay a fixed 
fine every month (usually an estimated lump sum). The police is responsible 
to collect this money, for which it top slices 30% of the fine, and the rest goes 
to the Ministry of Electricity. Usually the fine is not accurate because it is an 
estimate and it is a fixed amount, so it is a poor proxy for the actual levels of 
electricity consumed. 
The government established a smart meter scheme programme to reduce 
the line losses as the existing metering infrastructure is aged, being 30 to 40 
years old. Most of them are mechanical and give inaccurate readings. Currently, 
the government is installing 250,000 smart meters. The short-term target is to 
install 10 million smart meters within 3 years. This is followed by a long-term 
target to install 33 million smart meters in the future (the time frame is not 
specified). These smart meters provide a real time measurement that will enable 
the Ministry of Electricity to balance the grid and identify those who steal 
electricity. One more advantage of smart meters is that it detects bypasses, which 
could not be detected by mechanical meters. Smart meters can be used to apply 
more advanced types of tariffs as customers can pay more during peak hours 
and pay less during off peak times. Smart meters also create a kind of interaction 
between customers and electricity companies that is called ‘interactive demand 
side management.’ This interaction is important to improve the management of 
the electricity sector in Egypt. 
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5.4.6 Electricity production mix of Cairo, Giza and Qalyubia Governorates 
All the electricity and energy reports that are published by the Central Agency of 
Public Mobilization and Statistics since 1999 to 2016 indicated that the electricity 
production mix of Cairo, Giza and Qalyubia Governorates relies totally on non-
renewable energy resources; there is no evidence of the use of renewable energy 
resources, even though they have a huge potential of solar and wind power as 
shown in Chapter 4. Additionally, the three governorates have a huge potential 
to produce biogas by the treatment of organic waste that is usually left without 
treatment (see Chapter 7) and sludge-to-energy (see Chapter 6). 
5.4.7 The electricity production of Cairo, Giza and Qalyubia Governorates 
and the rest of Egypt 
The electricity production of Cairo, Giza and Qalyubia Governorates increased 
significantly between 1999-2000 and 2015-2016, as shown in Figure 5-26. 
However, the average annual growth rate of electricity production between 1999-
2000 and 2015-2016 was unequal in the three governorates. In Cairo, the 
average annual growth rate for electricity production was 24.5%, followed by Giza 
17.2% and the lowest rate was Qalyubia 4.2% over a period of 16 years (from 
1999-2000 to 2015-2016). The average annual growth rate of electricity 
production in Cairo and Giza was higher than the average of Egypt (10.3%), while 
Qalyubia was lower over the same period.  
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Figure 5-26: Electricity production of Cairo, Giza, Qalyubia Governorates and the 
rest of Egypt from 1999-2000 to 2015-2016. 
In 1999-2000, the total electricity production of Egypt was 70,277.8 GWh. 
In the same year, the electricity production of Cairo, Giza and Qalyubia was 27% 
of the total production of Egypt (Figure 5-27). While in 2015-2016, the total 
electricity production of Egypt was 186,320 GWh and the percentage of the 
electricity production of Cairo, Giza and Qalyubia increased and reached 33% of 
the total production of Egypt (Figure 5-28). Most of the increase was in Cairo and 
Giza Governorate as their percentage of the electricity production was 26% of 
the total production of Egypt in 2015-2016 (Figure 5-28). This shows the 
increasing production of electricity specifically in Cairo and Giza Governorates to 
































Electricity production of Cairo, Giza, Qalyubia and the rest of Egypt 
from 1999-2000 to 2015-2016
Rest of Egypt Cairo Giza Qalyubia
 216 
 
Figure 5-27: Percentages of electricity production of Cairo, Giza, Qalyubia 
Governorates and the rest of Egypt in 1999-2000.  
 
Figure 5-28: Percentages of electricity production of Cairo, Giza, Qalyubia 
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5.4.8 The electricity consumption of Cairo, Giza and Qalyubia 
Governorates and the rest of Egypt 
The electricity consumption of Cairo, Giza and Qalyubia Governorates increased 
significantly between 1999-2000 and 2015-2016, as shown in Figure 5-29. 
However, the average annual growth rate of electricity consumption between 
1999-2000 and 2015-2016 was unequal in the three governorates. In Giza, the 
average annual growth rate of electricity consumption was 11.5%, followed by 
Qalyubia (10.5%), with the lowest rate in Cairo (4.7%) over a period of 16 years 
(from 1999-2000 to 2015-2016). The average annual growth rate of electricity 
consumption in Giza and Qalyubia was higher than the average of Egypt (7.48%) 
and Cairo was lower over the same period.  
 
Figure 5-29: Electricity consumption of Cairo, Giza, Qalyubia Governorates and 


























Electricity consumption (grid) of Cairo, Giza, Qalyubia and the rest of Egypt 
from 1999-2000 to 2015-2016 
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 218 
In 1999-2000, the total electricity consumption of Egypt was 60,932.4 
GWh. In the same year, the electricity consumption of Cairo, Giza and Qalyubia 
was 34% of the total consumption of Egypt (Figure 5-30). In 2015-2016, the total 
electricity consumption of Egypt was 133,849 GWh and the percentage of the 
electricity consumption of Cairo, Giza and Qalyubia was 33% of the total 
consumption of Egypt (Figure 5-31). 
 
Figure 5-30: Percentages of electricity consumption of Cairo, Giza, Qalyubia 
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Figure 5-31: Percentages of electricity consumption of Cairo, Giza, Qalyubia 
Governorates and the rest of Egypt in 2015-2016.  
This shows that in 1999-2000, the percentage of electricity consumption 
(34%) was higher than the percentage of electricity production (27%) for the three 
governorates. While in 2015-2016, the percentage of electricity consumption 
(33%) of the three governorates was equal to the percentage of electricity 
production (33%). If we split the percentages of electricity production and 
consumption of the three governorates, it is clear that the electricity consumption 
of Cairo Governorate is higher than its production between 1999-2000 and 2015-
2016. While the electricity production of Giza and Qalyubia Governorates is 
higher than consumption between 1999-2000 and 2015-2016. This indicates that 
Cairo Governorate imports electricity from other surrounding governorates to fill 
the supply and demand gap. On the contrary, Giza and Qalyubia Governorates 
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consumption. This explains the significant increase in electricity production in 
Cairo Governorate to fill the supply and demand gap without importing electricity 
from other governorates (Figure 5-32). 
 
Figure 5-32: The electricity production and consumption of Cairo Governorate 
from 1999-2000 to 2015-2016.  
The situation in Giza Governorate is different from Cairo Governorate as 
shown in Figure 5-33: electricity production exceeds consumption, which enables 
Giza Governorate to export electricity excesses to other surrounding settlements 
or to increase electricity consumption per capita. The situation in Qalyubia 
Governorate is similar to Giza Governorate; electricity production exceeds 
consumption as shown in Figure 5-34. This enables Qalyubia Governorate to 
export electricity excesses to other surrounding settlements or to increase per 
capita electricity consumption.    
1999-2000 2005-2006 2011-2012 2015-2016
Production 4727.8 9511.8 18234.6 23242.3
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Figure 5-33: Electricity production and consumption of Giza Governorate from 
1999-2000 to 2015-2016.  
 
Figure 5-34: Electricity production and consumption of Qalyubia Governorate 
from 1999-2000 to 2015-2016.  
1999-2000 2005-2006 2011-2012 2015-2016
Production 7067.4 14398.1 25600.3 26502.2












Giza electricity production and consumption 
from 1999-2000 to 2015-2016
1999-2000 2005-2006 2011-2012 2015-2016
Production 7410.3 8107.8 5473.2 12414.2
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 If electricity production is higher than consumption in Giza and Qalyubia 
Governorates, this might change in the future as the average annual population 
growth rates of both governorates are high (see Chapter 4). This shows that if 
Giza and Qalyubia Governorates continue to grow at the same rate, electricity 
consumption will increase. This might prevent Giza and Qalyubia Governorates’ 
ability to export electricity to other surrounding settlements in the future.  
5.4.9 Percentages of electricity consumption by sector in Egypt, Cairo, 
Giza and Qalyubia Governorates 
5.4.9.1 Egypt 
Egypt is similar to most developing countries as the residential sector has the 
highest rates of electricity consumption compared to other sectors as shown in 
Figure 5-35. This is followed by the industrial sector, then the commercial, and 
then institutional sectors. The agricultural sector has the lowest percentage of 
electricity consumption and it was almost stable over a period of 16 years. The 
linear trendlines in Figure 5-35 show the continuous increase of the electricity 
consumption of the residential sector and the relative decrease of electricity 
consumption of the industrial sector. The commercial and the institutional sectors 
slightly increased (Figure 5-35).  
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Figure 5-35: Percentages of electricity consumption by sector in Egypt from 1999-
2000 to 2016. 
The percentages of electricity consumption of the residential, industrial, 
commercial and institutional, and agricultural sectors of Egypt in 1999-2000 and 
2016 are presented in Figure 5-36. This comparison indicates that electricity 
consumption of the service sectors (residential, commercial and institutional 
sectors) increased significantly and reached 71% of total electricity consumption 
of Egypt in 2016. While electricity consumption of the production sector 
(industrial) relatively decreased, and the agricultural sector slightly increased, 
however, the electricity consumption of both sectors was 29% of the total 
electricity consumption of Egypt in 2016. This shows that the rapid population 
growth in Egypt has had a great impact on the electricity consumption of the 















Agriculture 2.69% 2.92% 3.83% 3.82% 3.94% 4.02% 2.78% 4.00%
Commercial/ institutional 21.53% 20.06% 22.99% 24.36% 22.50% 21.50% 25.00% 24.00%
Industrial 37.10% 37.17% 35.05% 32.66% 32.50% 33.17% 28.40% 25.00%
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Figure 5-36: Percentages of electricity consumption by sector in Egypt, in 1999-
2000 and 2016. 
The representative of the Ministry of Electricity and Renewable Energy 
revealed that the electricity consumption of the residential sector increased from 
37% to 47% due to urbanization and the change in the usage patterns. For 
example, he mentioned that during the revolution in 2011-2012 the government 
increased the salaries for everybody. This encouraged people to buy new 
electrical appliances, so the annual electricity consumption increased by 10.5%. 
Unfortunately, this increase was not associated with a production increase. The 
government is now reforming energy subsidies and will gradually remove them. 
Therefore, the electricity consumption of the residential sector is expected to 
decrease in the future as Interviewee 2 mentioned that “because the elasticity of 
the customers’ consumption as there is a rule of thumb in the residential sector 
that every 10% increase in the tariff it is associated with a 1.5% decrease in the 
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to avoid paying higher electricity bills by reducing their electricity consumption. 
To reduce the energy intensity of Egypt the government will be focusing on 
developing sectors that provide more job opportunities with less energy 
consumption.  
5.4.9.2 Cairo Governorate 
The percentages of the electricity consumption by sector in Cairo Governorate 
from 1999-2000 to 2014-2015 are presented in Figure 5-37. The data for the year 
2001-2002 is inconsistent if compared to the rest of the years. This is due to a 
lack of consistent data reporting. Therefore, the data for 2001-2002 are excluded 
and the data of the rest of the years is presented in Figure 5-38.  
 
Figure 5-37: Percentages of electricity consumption by sector in Cairo 













Agriculture 0.51% 0.5% 0.45% 0.52% 0.24% 0.19%
Commercial/ institutional 18.50% 16.32% 22.02% 23.11% 23.44% 28.6%
Industrial 39.67% 45.85% 28.83% 28.64% 26.03% 25.1%








Cairo- Percentages of electricity consumption by Sector 
from 1999-2000 to 2014-2015 (data error in 2001-2002)
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The residential sector has the highest rates of electricity consumption in 
Cairo Governorate compared to other sectors. The electricity consumption of the 
industrial sector was higher than the commercial and institutional sectors until 
2011-2012. Then the electricity consumption of the commercial and institutional 
sectors increased and exceeded the industrial sector in 2014-2015, as shown in 
Figure 5-38. The trendlines in Figure 5-38 indicate that electricity consumption by 
the residential, commercial and institutional sectors have been consistently 
increasing, while the industrial sector has been relatively decreasing. This is 
expected as Cairo Governorate is the capital of Egypt and most of the commercial 
and institutional sectors are located there and are increasing due to the rapid 
population growth and urbanization. The agriculture sector has the lowest rates 
of electricity consumption, as Cairo Governorate is mostly urban (see Chapter 4). 
 
Figure 5-38: Percentages of electricity consumption by sector in Cairo 
Governorate from 1999-2000 to 2014-2015 (without 2001-2002 to avoid the 
error). 
 1999-2000  2005- 2006  2009-2010  2011-2012  2014- 2015
Agriculture 0.51% 0.45% 0.52% 0.24% 0.19%
Commercial/ institutional 18.50% 22.02% 23.11% 23.44% 28.6%
Industrial 39.67% 28.83% 28.64% 26.03% 25.1%
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 The percentages of the electricity consumption of the residential, 
industrial, commercial and institutional, and agricultural sectors of Cairo 
Governorate between 1999-2000 and 2014-2015 are presented in Figure 5-39. 
This comparison shows that the services sectors (residential, commercial and 
institutional) increased and reached 75% of the total electricity consumption in 
2014-2015, while the production sectors (industrial and agricultural) relatively 
decreased, specifically the industrial sector. This is part of the government’s plan 
to relocate the industries and factories outside the boundaries of Cairo 
Governorate (GOPP, 2012).  
 
Figure 5-39: Percentages of electricity consumption by sector in Cairo 
Governorate, in 1999-2000 and 2014-2015. 
5.4.9.3 Giza Governorate 
The situation in Giza Governorate is similar to Cairo Governorate. The residential 
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electricity consumption of the industrial sector relatively decreased, and the 
commercial and institutional sectors increased and even exceeded the industrial 
sector in 2014-2015. The trendlines in Figure 5-40 indicate that while electricity 
consumption by the commercial and institutional sectors significantly increased 
over the period of 15 years, the residential and the industrial sectors relatively 
decreased. This is expected because there was a substantial increase in the 
number of commercial and institutional buildings in Giza Governorate from 2006 
to 2017 (see Chapter 4). Additionally, the number of residential buildings 
increased significantly during the same period to meet the rapid population 
growth and urbanization in the area. The average annual growth rates from 2001 
to 2016 was 3.17%, which is considered high compared to Cairo and Qalyubia 
Governorates and also higher than the average population growth of Egypt (see 
Chapter 4).   
 
Figure 5-40: Percentages of electricity consumption by sector in Giza 













Agriculture 1.99% 1.52% 2.02% 0.17% 2.50% 1.96%
Commercial/ institutional 11.14% 13.74% 13.99% 17.23% 14.17% 27.3%
Industrial 33.18% 28.8% 28.5% 21.4% 29.37% 22.48%
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 The percentages of electricity consumption by the residential, industrial, 
commercial and institutional, and agricultural sectors of Giza Governorate in 
1999-2000 and 2014-2015 are presented in Figure 5-41. This comparison shows 
that the services sectors (residential, commercial and institutional) increased and 
reached 75% of the total electricity consumption in 2014-2015, while the 
production sectors (industrial and agricultural) relatively decreased, specifically 
the industrial sector. This is part of the government’s strategy to keep traditional 
industries and relocate highly polluting industries outside the boundaries of the 
Greater Cairo Region (GOPP, 2012). This strategy applies in Giza Governorate, 
being part of the Greater Cairo Region.  
 
Figure 5-41: Percentages of electricity consumption by sector in Giza 
Governorate, in 1999-2000 and 2014-2015. 
5.4.9.4 Qalyubia Governorate 
The percentages of the electricity consumption by sector in Qalyubia 
Governorate from 1999-2000 to 2014-2015 are presented in Figure 5-42. The 















Therefore, the data of year 2005-2006 is excluded and the data of the rest of the 
years is presented in Figure 5-43.  
 
Figure 5-42: Percentages of electricity consumption by sector in Qalyubia 
Governorate from 1999-2000 to 2014-2015 (error in 2005-2006). 
The electricity consumption by sector in Qalyubia Governorate is different 
from Cairo and Giza Governorates. The residential and industrial sectors have 
the highest electricity consumption, followed by the commercial and institutional 
sectors and the agricultural sector is the lowest (Figure 5-43). The trendlines in 
Figure 5-43 indicate that the residential, commercial and institutional sectors 
have been slightly increasing, whereas the industrial sector has been slightly 
decreasing over the period of 15 years. The situation of Qalyubia Governorate is 
different from Cairo and Giza because it is mostly rural, therefore the commercial 
and institutional sectors’ share is not as high as Cairo and Giza (see Chapter 4). 
With Cairo being the capital of Egypt, it is expected to have more commercial and 













Agriculture 1% 1% 0.95% 0.89% 1.34% 0.88%
Commercial/ institutional 14.66% 16.1% 38.8% 18.2% 16.17% 16.5%
Industrial 36.85% 33.1% 28.11% 31.86% 30.59% 33.17%
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Figure 5-43: Percentages of electricity consumption by sector in Qalyubia 
Governorate from 1999-2000 to 2014-2015. 
 Although electricity consumption by sector of Qalyubia Governorate is 
currently different from Cairo and Giza, this might change in the future. Figure 5-
44 shows that the services sectors (residential, commercial and institutional 
sectors) increased and reached 66% of the total electricity consumption in 2014-
2015, while the production sectors (industrial and agricultural sectors) relatively 
decreased. This indicates that the trends of the electricity consumption growth of 
the services and production sectors are similar to Cairo and Giza; however, the 
rate of change in Qalyubia Governorate is slower than the rate of change in Cairo 
and Giza Governorates.   
 1999-2000  2001-2002  2009-2010  2011-2012  2014- 2015
Agriculture 1% 1% 0.89% 1.34% 0.88%
Commercial/ institutional 14.66% 16.1% 18.2% 16.17% 16.5%
Industrial 36.85% 33.1% 31.86% 30.59% 33.17%
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Figure 5-44: Percentages of electricity consumption by sector in Qalyubia 
Governorate, in 1999-2000 and 2014-2015. 
5.4.10 Percentages of households without grid electricity connection in 
Egypt, Cairo, Giza and Qalyubia Governorates 
Cairo Governorate has the lowest percentage of households without grid 
connection compared to Giza and Qalyubia and the average for Egypt (Figure 5-
45). This is expected as Cairo Governorate, being the capital of Egypt, has more 
services than the rest of the governorates. This is the situation in most of the 
developing countries. However, the electricity coverage in Egypt, Giza and 
Qalyubia is considered high compared to the rest of the services, as presented 
in Figure 5-46. Figure 5-47 shows that the percentages of the population with 
access to internet and percentages of the population using mobile phones in 
Cairo Governorate are higher than Giza and Qalyubia and the average of Egypt. 
Internet access is important for the rollout of smart meters, specifically that the 
government has established a smart meter scheme programme as mentioned 
above (see Chapter 5, section 5.4.5). Despite, that the percentages of the 
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governorates in Egypt, these percentages are considered extremely low if 
compared to developed nations and should be increased in the future.  
 
Figure 5-45: Percentages of households without grid electricity connection in 
Egypt, Cairo, Giza and Qalyubia Governorates. 
 













Cairo Giza Qalyubia Egypt
Percentages of households without grid electricity connection
Cairo Giza Qalyubia Egypt
% of households without direct access to
water 0.48% 5.10% 4.10% 3.02%
% of households without direct access to
drinkable water 1.56% 8.04% 5.48% 6.28%
% of households without sanitation 1.45% 28.76% 32.58% 43.95%
% of households living in areas without
public waste collection 35.87% 42.85% 34.15% 47.34%
% of households without grid electricity
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Figure 5-47: Percentages of population with access to internet and percentages 
of population using mobile phones in 2017. 
5.5 Conclusion: 
This chapter presented the current situation and the future targets of the energy 
and electricity sectors in Egypt, Cairo, Giza and Qalyubia Governorates. The 
existing situation of the energy and electricity sectors shows that Egypt mainly 
relies on non-renewable energy resources (natural gas and crude oil) and the 
share of renewable energy (hydropower, solar and wind) is extremely low. The 
electricity production and consumption have been significantly increasing 
between 2002 and 2016 in Egypt and the three governorates. The electricity 
consumption of Cairo Governorate exceeded its production between 2000 and 
2012. The government increased the electricity production of Cairo Governorate 
as the average annual growth rate reached 24.5% between 2000 and 2016 to 
meet its increasing demands. The average annual electricity losses (technical 







































ICT (percentages of population with access to internet and percentages of 
population using mobile phones in 2017 )
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and commercial) of Egypt is 15% to 18% of the total electricity production. It is 
expected that the electricity losses will be higher in Cairo Governorate due to the 
illegal connections in informal settlements, ageing infrastructure and metering 
systems. 
The government set a target to increase the share of renewable energy 
resources to reach 20% by 2022. Many actions have been taken by the 
government to ensure the achievement of this target and to enhance the use of 
renewable energy resources. Additionally, the energy strategy of Egypt focuses 
on energy efficiency rather than energy conservation to increase electricity 
production that is required to increase per capita electricity consumption. The 
government’s plan is to increase the GDP by focusing on sectors that require less 
energy and electricity to provide more job opportunities. 
Although there is a huge potential for renewable energy resources in Egypt 
and the three governorates (see Chapter 4), there are major challenges to 
convert these resources into energy. The lack of technical knowledge and the 
lack of the experience of biding, contracting and financing complicates the 
process and the development of such projects. Moreover, due to the high-density 
settlements in Cairo Governorate, this could prevent the development of the 
distributed systems. However, the distributed systems could be suitable for the 
new satellite cities surrounding Cairo and Giza Governorates. Wind energy is not 
suitable for inner cities, while waste-to-energy and sludge-to-energy technologies 
could be better options for medium and high-density settlements in the three 
governorates (Cairo, Giza and Qalyubia) which do not produce energy 
themselves and rely on other cities or governorates to meet the increasing 
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demand of energy. To remove the barriers to the development of waste-to-energy 
technologies in Egypt several steps need to be taken: first, the energy and 
electricity sectors should be willing to invest in this sector rather than focusing on 
the wind and solar energy only; second, the government should reform and 
actively reshape the governance of the waste management sector and improve 
the institutional setup to establish an integrated sustainable waste management 
system; and finally, improve the sanitation coverage to develop sludge-to-energy 
technologies. Despite that the capacity factor of the solar and wind energy is 
higher than waste-to-energy, the potential of upgrading the organic waste to 
produce biogas refers to the effective handling of organic waste, reducing the 
amount of waste going to landfills or untreated and thrown in the streets, and 
reducing its environmental impacts.  
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6 Chapter Six: The current and future projections of the 
water and wastewater sectors in Cairo, Giza and 
Qalyubia Governorates and Egypt 
6.1 Introduction 
This chapter presents the current situation of, and future projections for, the water 
and wastewater sectors in Egypt and Cairo, Giza and Qalyubia Governorates. 
The data of the water sector was collected for more than 14 years to identify 
patterns of production and consumption. The data of the wastewater sector was 
based on the year 2011 only due to the lack of reliable data. To target the most 
important quantitative data to measure and assess the water and wastewater 
sectors, I used the third layer of the multi-layered indicator set that was developed 
by Kennedy et al. (2014). Additionally, the semi-structured interview that was 
conducted with the representative of the Holding Company for Drinking Water 
and Wastewater (Interviewee 4) in Egypt was critically analysed to better 
understand how the water and wastewater sectors are being managed. The 
quantitative and qualitative data of the water sector (see section 6.3) and 
wastewater sector (see section 6.4) in Cairo, Giza and Qalyubia Governorates 
and Egypt are merged and explained in depth. 
6.2 Layer 3-2: water and wastewater sectors in Cairo, Giza and Qalyubia 
Governorates and Egypt 
The third layer of the original multi-layered indicator set includes: the 
consumption of energy (all types); electricity sources; consumption of water; 
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consumption of food; building materials; generation of solid waste and 
wastewater (Kennedy et al., 2014). The focus of this study is on the energy, 
electricity and water sectors as examples of the inputs of cities and the solid 
waste and wastewater as examples of the outputs of cities. The energy and 
electricity sectors (Layer 3-1) were presented in Chapter 5, the water and 
wastewater sectors (Layer 3-2) are presented in this chapter, while the solid 
waste sector (Layer 3-3) is presented in Chapter 7. This chapter includes the 
following data: 
c) The water sector: 
§ Water resources of Egypt and quantities (billion cubic metres/year) from 
2006-2007 to 2014-2015. 
§ Percentages of water resources in Egypt from 2006-2007 and 2014-2015. 
§ Percentages of water consumption in Egypt by sector from 2006-2007 to 
2015-2016. 
§ Drinking water production (surface and groundwater) of Egypt from 2012-
2013 to 2016-2017. 
§ Percentages of drinking water production (surface and groundwater) of 
Egypt in 2012-2013 and 2016-2017. 
§ Drinking water production (surface and groundwater) of Cairo, Giza and 
Qalyubia Governorates from 2012-2013 to 2016-2017. 
§ Percentages of surface water production of Cairo, Giza and Qalyubia 
Governorates and the rest of Egypt in 2012-2013 and 2016-2017. 
§ Percentages of groundwater production of Cairo, Giza and Qalyubia 
Governorates and the rest of Egypt in 2012-2013 and 2016-2017. 
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§ Drinking water production, consumption and losses of Egypt from 2001-
2002 to 2015-2016. 
§ Drinking water production, consumption and losses of Cairo, Giza and 
Qalyubia Governorates from 2002-2003 to 2015-2016. 
§ Drinking water consumption of Cairo, Giza and Qalyubia Governorates and 
the rest of Egypt from 2002-2003 to 2015-2016. 
§ Percentages of drinking water consumption of Cairo, Giza and Qalyubia 
Governorates and the rest of Egypt in 2002-2003 and 2015-2016. 
§ Drinking water losses (million cubic metres) of Cairo, Giza and Qalyubia 
Governorates and the rest of Egypt from 2002-2003 to 2015-2016. 
§ Percentages of drinking water losses of Cairo, Giza and Qalyubia 
Governorates in 2002-2003 and 2015-2016. 
§ Percentages of the drinking water losses (of the production) of Egypt, Cairo, 
Giza and Qalyubia Governorates from 2002-2003 to 2015-2016. 
§ Percentages of households without direct access to water and without direct 
access to drinkable water in 2017.  
d) The wastewater sector: 
§ Total production and untreated wastewater of Egypt, Cairo, Giza and 
Qalyubia Governorates in 2011. 
§ Percentages of wastewater production of Cairo, Giza and Qalyubia 
Governorates compared to the rest of Egypt in 2011. 
§ Types of wastewater treatment (primary, secondary and tertiary treatment, 
and untreated wastewater) in Egypt, Cairo, Giza and Qalyubia 
Governorates in 2011.  
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§ Percentages of households without direct access to sanitation services in 
2017.  
Sources of secondary data are presented in Chapter 3 Table 3-1 and the criteria 
of including and excluding reports is presented in Appendix 12. 
6.3 The water sector in Egypt, Cairo, Giza and Qalyubia Governorates 
6.3.1 Water resources  
There are two ministries managing the water sector in Egypt: The Ministry of 
Water Resources and the Ministry of Housing and Utilities. The Ministry of Water 
Resources is responsible for the management of water resources and the 
irrigation of the agricultural land. The Ministry of Housing and Utilities is 
responsible for providing drinking water and sanitation services for more than 100 
million inhabitants. 
“The Holding Company for Drinking Water and Wastewater is a separate 
entity, under the 2003 law that separates the ownership from the 
management. This means that the government owns all the drinking water 
and sanitation facilities, which includes the treatment plants and networks. 
The Holding Company is responsible for the management, operation and 
maintenance of the drinking water and sanitation facilities” (Interviewee 4). 
  The River Nile is the main source of renewable surface water in Egypt 
(Figure 6-1). The share of Egypt is 55.5 billion m3y-1, this share has been fixed 
since 1959 when the High Dam was constructed (Wahba et al., 2018). The share 
of groundwater in the Nile Valley and Delta was also fixed between 2006-2007 
and 2014-2015. Agricultural drainage reuse doubled over a period of 9 years. 
Rainfall levels, already low, are decreasing further as discussed previously in 
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Chapter 4 with the average annual rainfall of Egypt at 12mm (Abdel-Shafy et al., 
2010). The share of wastewater reuse and seawater desalination is low 
compared to the rest of the resources.  
 
Figure 6-1: Egypt’s water resources (billion cubic metre/year) from 2006-2007 to 
2014-2015. 
The percentages of Egypt’s water resources in Figures 6-2 and 6-3 show 
that the share of the River Nile has relatively decreased between 2006-2007 and 
2014-2015 from 79% to 73%. The share of agricultural drainage reuse increased 
from 8% to 15%. The share of other resources remained almost the same over 
the same period of time. This indicates that water resources in Egypt are either 
fixed or limited. Water shortage is a critical challenge in Egypt. The annual share 
2006/2007 2007/2008 2010/2011 2012/2013 2014/2015
Sea water desalination 0.06 0.06 0.06 0.06 0.1
Rainfall 1.3 1.3 1.3 0.93 0.9
Wastewater reuse 1.3 1.3 1.3 1.24 1.3
Agricultural drainage reuse 5.7 9.9 9.09 11.07 11.7
Underground water in the Nile Valley
& Delta 6.1 6.2 6.5 6.7 6.9
River Nile 55.5 55.5 55.5 55.5 55.5
55.5 55.5 55.5 55.5 55.5
6.1 6.2 6.5 6.7 6.9
5.7



















Egypt's water resources (billion cubic metre/year) 
from 2006-2007 to 2014-2015
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of renewable water per capita reached 1000m3 in 1997, and this is the baseline 
of the water scarcity according to the Falkenmark Water Stress Indicator (NWRP, 
2017). 
 
Figure 6-2: Percentages of Egypt’s water resources in 2006-2007. 
 
Figure 6-3: Percentages of Egypt’s water resources in 2014-2015. 
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  In 2015, the annual share of renewable water per capita dropped to 658m3 
due to rapid population growth and water scarcity (NWRP, 2017). The gap 
between supply and demand of water resources is increasing; the amount of 
freshwater is fixed, and the population is rapidly growing. By 2037, the annual 
share of renewable water per capita is expected to fall by 35% compared to 2015 
(NWRP, 2017). Moreover, existing water resources are expected to decrease 
due to the impacts of the climate change and the Grand Ethiopian Renaissance 
Dam that will specifically affect the share of Egypt from the River Nile.  
Author: “Is the Grand Ethiopian Renaissance Dam in Ethiopia going to 
affect the main source of water in Egypt, the River Nile?”  
Interviewee 4: “Yes, of course, but if we reduce the water consumption of 
the agriculture sector (irrigation) and increased the desalination plants to 
provide the Mediterranean and the Red Sea cities with drinking water, the 
saving from such actions will cover the potential water loss from the 
Ethiopian dam.” 
  The government established a strategy to meet the increasing water 
demand, and to overcome the challenges of the water sector in Egypt. This 
strategy is called “National Water Resources Plan 2017-2030-2037 (NWRP)” 
(NWRP, 2017). The main goals of the strategy are:  
§ Providing the appropriate environment for integrated water management, 
planning and implementing the plan. 
§ Developing water resources. 
§ Improving the quality of water. 
§ Rationalizing water use and improving the efficiency of water resource 
management. 
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To achieve these goals the government set the following objectives: 
§ Issuing the necessary laws and legislations for the water quality and 
management that reflect the principles of integrated water resource 
management. 
§ Raising public awareness of water scarcity and the importance of rationalizing 
the use of water. 
§ Adding 1.05 billion cubic metre of freshwater resources to the water balance 
by 2030 and 4.45 billion cubic metres by 2037. This will be achieved by: 
a. Increasing Egypt’s share from the River Nile. 
b. Harvesting rainwater and floods. 
c. Increasing the number of sea water desalination plants to provide all the 
Mediterranean and Red Sea cities with water and reduce the pressure on 
the River Nile. These projects require a huge budget that will be covered 
by reducing drinking water subsidies10. Since 2004, water subsidies have 
been gradually reduced and residents are now expected to pay 100% of 
the actual cost by 2020. This includes the operation and maintenance 
expenses and the water tariff is expected to increase in the future to cover 
the new investments as well. 
“First of all, we have a ministerial decree that all the Mediterranean and 
the Red Sea cities should use desalinated water. This action was taken to 
reduce the pressure from the River Nile, our main source of water.” 
(Interviewee 4)  
 
10 Water was heavily subsidized before the establishment of the Holding Company for Drinking 
Water and Wastewater in 2004. 
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“10 to 15 years ago the drinking water was heavily subsidized. Residents 
used to pay 10% to 15% of the actual cost of water services. Since 2004, 
when the Holding Company for Drinking Water and Wastewater was 
established, we started to increase the tariff and remove the subsidies 
gradually.” (Interviewee 4) 
d. Maximizing the sustainable use of groundwater. 
§ Reducing the pollution of water resources by: 
a. Increasing the sanitation coverage to reach 90% by 2037 to reduce the 
direct drainage of wastewater into water streams, specifically in rural 
areas. Based on the “2030 Strategic Vision for Treated Wastewater Reuse 
in Egypt” (AbuZeid and Elrawady, 2014) sanitation coverage will reach 
100% by 2030 that is higher than the percentage mentioned in the 
“National Water Resources Plan 2017-2030-2037” (NWRP, 2017). 
However, this indicates that increasing sanitation coverage became a top 
priority for Egypt’s government.  
b. Preventing solid waste from being disposed in water streams. This could 
not be achieved without developing an integrated sustainable solid waste 
management system (see Chapter 7).  
c. Reducing industrial and agricultural pollution. 
§ Increasing the share of agricultural drainage reuse to reach 50% by 2037. 
§ Rationalizing water use in the agricultural, industrial and residential sectors. 
§ Increasing agricultural production by using less water. This will be achieved by 
changing the type of crops. 
§ Improving drinking water networks to reduce the water losses. 
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§ Reducing the use of drinking water in irrigating public parks and private 
gardens.  
  The government’s NWRP strategy considered many aspects to overcome 
the challenges of water scarcity and to increase the efficient use of water 
resources. However, the strategy did not mention the effect of illegal water 
connections in informal settlements and the lack of sanitation services in these 
areas that have a great impact on the water losses and the pollution of the water 
resources, specifically the main source of water, the River Nile and groundwater 
as shown in Figures 6-4, 6-5 and 6-6. To reduce water losses and the pollution 
of water resources these areas should be upgraded or demolished and replaced 
by new formal settlements and provided by adequate infrastructure. Currently, 
the government’s priority is to upgrade unsafe and then unplanned settlements, 
but it is not clear yet when this will be achieved. A huge amount of resources is 
wasted in these areas and illegal connections in informal settlements weaken the 
existing infrastructure. 
 




Figure 6-5: Informal settlements near the River Nile (Source: author’s site visits). 
 
Figure 6-6: Informal settlements near an agricultural drainage (Source: author’s 
site visits). 
 There is another problem (elaborated in Chapter 7): the lack of a proper 
waste management system, which has a massive impact on Egypt’s existing 
water resources as solid waste enters water streams and increases pollution 
levels. The representative of the Holding Company for Drinking Water and 
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Wastewater outlined that there are laws that were issued to protect water 
resources in Egypt, but he described the implementation of these laws is “very 
difficult”. He also clarified that the government should increase public awareness 
campaigns so people can understand how their actions affect the quality of 
Egypt’s water resources.   
“There are laws to protect the water resources, but it is very difficult to 
apply them. People are not aware enough to understand the effect of water 
pollution on their health. Public awareness programmes are required to 
protect our water resources. People should understand the link between 
their actions and its impact on the environment. We do not have the 
capacity to follow each one to see whether they are applying the law or 
not” (Interviewee 4).  
6.3.2 Percentages of water consumption by sector 
The agricultural sector has the highest percentage of water consumption 
compared to other sectors. The percentage of water consumption in the 
agricultural sector relatively decreased between 2006-2007 and 2014-2015 as it 
reached 81% in 2014-2015. This is part of the government’s strategy to increase 
agricultural production to meet increasing food demand and for economic growth 
by using less water. This will be achieved by replacing existing crops with other 
types that can grow with less water and in high temperature due to the impacts 
of climate change. This is followed by the water consumption of the drinking water 
sector that has been increasing over the same period of time, reaching almost 
14% in 2014-2015 and is expected to increase in the future due to rapid 
population growth and economic growth. The percentage of the losses of the 
River Nile and canals evaporation is around 3% and this percentage is expected 
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to increase with climate change. Water consumption of the industrial sector is the 
lowest as it is around 1.6%, but this is not the actual consumption level as the 
industrial sector receives water from various sources and sometimes directly from 
the River Nile.  
 
Figure 6-7: Percentages of water consumption by sector from 2006-2007 to 2015-
2016 in Egypt. 
6.3.3 Drinking water production (surface and groundwater)  
6.3.3.1 Drinking water production (surface and groundwater) in Egypt 
Drinking water in Egypt is mostly produced from surface water (90% in 2016-
2017), largely from the River Nile (Figures 6-8 and 6-9). Surface water was almost 
stable from 2012-2013 to 2016-2017. The production of surface water was stable 













Industrial 1.70% 1.60% 1.63% 1.59% 1.57% 1.56%
Losses by evaporation from the
River Nile & canals 3.10% 2.90% 2.85% 3.30% 3.27% 3.25%
Drinking water 8.90% 12.20% 12.95% 12.85% 13.55% 13.97%
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surface water, and this share has been fixed since 1959. However, part of the 
government’s strategy is to increase this share in the future that is still under 
negotiations with the Nile Basin countries. The share of groundwater (10% in 
2016-2017) is extremely low and has been decreasing over the same period of 
time (5 years) (Figures 6-8 and 6-9). The government’s strategy to increase the 
share of groundwater in the future is focused on maximizing the sustainable use 
of groundwater and increasing sanitation coverage to improve groundwater 
quality.  
 
Figure 6-8: Egypt’s drinking water production (million cubic metre/year) from 
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Figure 6-9: Percentages of drinking water production (surface and groundwater) 
of Egypt in 2012-2013 and 2016-2017. 
6.3.3.2 Drinking water production (surface and groundwater) in Cairo, 
Giza and Qalyubia Governorates 
The situation in Cairo, Giza and Qalyubia Governorates is similar to the situation 
in Egypt. Drinking water production in the three governorates from surface and 
groundwater was almost stable from 2012-2013 to 2016-2017, although the 
population is rapidly increasing as presented in Chapter 4. Drinking water 
production in the three governorates relies mainly on surface water rather than 
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Figure 6-10: Drinking water production (surface and groundwater) of Cairo, Giza 
and Qalyubia Governorates from 2012-2013 to 2016-2017. 
  However, the percentage of drinking water production from surface water 
in Qalyubia Governorate was 60% and groundwater was 40% in 2016-2017 
(Figure 6-11). The percentage of drinking water production from groundwater in 
Qalyubia Governorate is considered high compared to drinking water production 
in Cairo and Giza Governorates. Cairo Governorate mostly relies on surface 
water (99.9% in 2016-2017) for the production of drinking water. The percentage 
of drinking water production from surface water in Giza Governorate is 94% in 

















2012-2013 2014-2015 2015-2016 2016-2017
Qalyubia 149.18 68.82 121.1 82.9 123.9 90.7 138.1 91
Giza 1051.56 63.62 1154.3 70.1 1165.5 69.4 1103.6 69.3
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Figure 6-11: Percentages of drinking water production (surface and groundwater) 
of Qalyubia Governorate in 2016-2017. 
 
Figure 6-12: Percentages of drinking water production (surface and groundwater) 
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6.3.4 Percentages of drinking water production from surface water in 
Cairo, Giza and Qalyubia Governorates compared to the rest Egypt 
The total percentages of drinking water production from surface water of Cairo, 
Giza and Qalyubia was 43% of total Egyptian production in 2012-2013 (Figure 6-
13). This percentage relatively decreased in 2016-2017 as it reached 37% 
(Figure 6-14). These percentages are considered high if compared to the rest of 
Egypt. The population in the three governorates represents 25% of the population 
of Egypt. This explains the high percentage of drinking water production from 
surface water specifically in Cairo and Giza Governorates to meet the increasing 
water demand.  
 
Figure 6-13: Percentages of drinking water production from surface water of 
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Figure 6-14: Percentages of drinking water production from surface water of 
Cairo, Giza and Qalyubia Governorates compared to the rest of Egypt in 2016-
2017. 
6.3.5 Percentages of drinking water production from groundwater in 
Cairo, Giza and Qalyubia Governorates compared to the rest Egypt 
Drinking water production from groundwater is limited in Cairo Governorate 
because groundwater is highly polluted due to the environmental impacts of 
urban growth (Ellis, 1999). In addition, leakages of sewage networks due to 
ageing infrastructure in Cairo Governorate has a great impact on the quality of 
groundwater. The situation might improve in the future if informal settlements 
were developed and upgraded, and sanitation networks were better maintained 
to prevent wastewater from reaching the groundwater. The percentage of 
drinking water production from groundwater in Giza and Qalyubia Governorates 
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part of the government’s strategy to increase the production of groundwater to 
meet the increased water demand and reduce the pressure from the River Nile. 
 
Figure 6-15: Percentages of drinking water production from groundwater of Cairo, 
Giza and Qalyubia Governorates compared to the rest of Egypt in 2012-2013. 
 
Figure 6-16: Percentages of drinking water production from groundwater of Cairo, 
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6.3.6 Drinking water production, consumption and losses 
6.3.6.1 Drinking water production, consumption and losses of Egypt 
Drinking water production of Egypt increased slightly over a period of 15 years 
(Figure 6-17). This reflects the limited production and scarcity of water resources 
in Egypt. The Holding Company for Drinking Water and Wastewater in Egypt 
developed a masterplan in 2009 to organize the production of drinking water that 
was based on the annual growth rate of population. However, the political 
situation of the country during the revolution delayed the implementation of some 
projects of the masterplan. Additionally, drinking water was heavily subsidized 
and that affected the availability of the required budget for these projects. The 
current political situation in the country is improving and the government 
increased the water tariff to cover the actual cost of water production, operation 
and maintenance.  
“Before 2009 we did not have a masterplan so, this increase or decrease 
in the water production was expected because we did not have a system 
to organize the water production and distribution. Between 2011 and 2015-
2016, the water sector was affected by the political situation in the country 
during and after the revolution. Nowadays, the water sector started to 
catch up and follow the masterplan again. The number of new 
investments, replacement and renewal projects will increase, too. The 
water production should increase because the masterplan was designed 
based on the annual growth rate of population and the availability of water 
resources. The Holding Company upgrades the masterplan every year” 
(Interviewee 4). 
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  Drinking water consumption has been decreasing over the same period of 
time. This indicates drinking water consumption per capita is decreasing as 
mentioned previously due to the rapid population growth that is not associated 
with an equal increase in water production. Moreover, water losses increased 
significantly between 2001-2002 and 2015-2016 (Figure 6-17). Interviewee 4 
clarified that these losses include the following:  
§ Physical losses due to the ageing infrastructure. 
§ Commercial losses due to the illegal connections in informal settlements and 
inaccurate readings from water meters. 
 
Figure 6-17: Egypt’s drinking water production, consumption and losses from 
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Furthermore, drinking water is used for other purposes like the irrigation of 
public parks and private gardens, commercial and touristic activities (NWRP, 
2017). This indicates that the drinking water network in Egypt is designed to 
provide all the activities with the highest quality of water. However, the required 
quality of resources (water) differs from one activity to another (Agudelo-Vera et 
al., 2012). Providing the highest quality of resources for all activities means that 
some activities receive higher quality than what is actually required. A huge 
amount of resources is wasted or, as mentioned by Agudelo-Vera et al. (2012, 
p.4), the “quality losses in the system”. To reduce these losses, Agudelo-Vera et 
al. (2012) suggested that the quality of resources should fit the required activities. 
The quality losses in the drinking water system in Egypt should be considered in 
designing the drinking water networks with a variety of water quality levels to 
provide each activity with a suitable quality of water. This will save a huge amount 
of water and enhance the efficient use of water resources. 
6.3.6.2 Drinking water production, consumption and losses of Cairo 
Governorate 
The situation in Cairo Governorate is similar to drinking water production, 
consumption and losses of Egypt. The linear trendline in Figure 6-18 shows that 
drinking water production in Cairo Governorate is almost stable over a period of 
13-14 years. Drinking water consumption decreased and the losses have been 
increasing significantly (Figure 6-18). This reflects the major challenges of the 
drinking water sector in Cairo Governorate:  
§ water resources are limited and it mostly relies on surface water and there is 
no potential to increase it; 
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§ the groundwater is highly affected by the environmental impacts of 
urbanization and leakages of sewage networks; 
§ water losses due to illegal connections of informal areas represent a high 
percentage of urban settlements in Cairo Governorate and the ageing 
infrastructure; 
§ and rapid population growth – the average annual growth rate in Cairo 
Governorate was 1.91% from 2001 to 2016. 
Furthermore, the situation might get worse in future due to the impacts of climate 
change and water demand will increase for all activities.  
 
Figure 6-18: Cairo’s drinking water production, consumption and losses from 

















Losses 236.98 494.83 720.37 530.96 742.5 435.97 446.33 698.7
Consumption 1806.95 1861.5 1544.3 1885.04 1275.46 1743.9 1830.03 1399.6
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6.3.6.3 Drinking water production, consumption and losses of Giza 
Governorate 
There was a substantial increase in drinking water production in Giza 
Governorate between 2002-2003 and 2015-2016 (Figure 6-19). Drinking water 
production is expected to increase as the average annual population growth in 
Giza Governorate during that time was 3.17%, swelling it from 5.3 million to 7.8 
million. The government increased drinking water production plants in Giza 
Governorate to meet the increasing demand for water. Drinking water 
consumption also increased significantly over the same period of time (13 years) 
as this was part of the government’s plan to divert the growth towards Giza 
Governorate (south-west towards the desert) to reduce the pressure from Cairo 
Governorate. However, the government failed to prevent the growth of informal 
settlements and illegal connections that increased drinking water losses in Giza 
Governorate. 
 
Figure 6-19: Giza’s drinking water production, consumption and losses from 

















Losses 7.4 20.54 29.74 36.35 296.136 89.7 361.76 409.9
Consumption 49.51 75.22 150.32 131.16 526.24 536.8 753.43 825
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6.3.6.4 Drinking water production, consumption and losses of Qalyubia 
Governorate 
The data presented in Figure 6-20 shows that drinking water production, 
consumption and losses of Qalyubia Governorate in years 2005-2006 and 2006-
2007 are inaccurate. The values of drinking water production, consumption and 
losses are higher than the previous years and the following years. In Figure 6-21, 
these years are excluded, and the data is presented without 2005-2006 and 
2006-2007.  
 
Figure 6-20: Qalyubia’s drinking water production, consumption and losses from 
2002-2003 to 2015-2016 (Error in year 2005-2006 and 2006-2007). 
The linear trendlines in Figure 6-21 show that drinking water production in 
Qalyubia Governorate was almost stable and consumption slightly decreased 

















Losses 16.9 38.76 136.63 77.18 48.46 60.9 22.96 54.7
Consumption 194.5 149.47 255.63 290.34 169.99 203.9 195.04 159.9
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Governorate is similar to Cairo and Giza. Water losses increased as the quantity 
of water losses tripled in 2015-2016 when compared to the quantity of water 
losses in 2002-2003.   
 
Figure 6-21: Qalyubia’s drinking water production, consumption and losses from 
2002-2003 to 2015-2016 (excluding 2005-2006 and 2006-2007 to avoid the 
error). 
6.3.7 Comparing the percentages of drinking water production of Cairo, 
Giza and Qalyubia Governorates to the rest of Egypt 
The total production of drinking water in Egypt was 9923 million cubic metres in 
2002-2003. The total percentage of the drinking water production of the three 
governorates (Cairo, Giza and Qalyubia) was 23% of the total production of Egypt 
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Governorate was the highest (21%), followed by Qalyubia (2%) and the 
percentage of Giza was the lowest.  
 
Figure 6-22: Percentages of drinking water production of Cairo, Giza and 
Qalyubia Governorates compared to the rest of Egypt in 2002-2003. 
In 2015-2016, drinking water production of Egypt slightly decreased as it 
reached 9207 million cubic metres, which remained almost the same in Cairo and 
Qalyubia. However, there was a considerable increase in the percentage of the 
drinking water production of Giza Governorate (see above) as it reached 13% of 
the total production of Egypt. This increased the total percentage of the drinking 
water of the three governorates as it reached 38% of the total production of Egypt. 
This indicates that most drinking water production is intensively concentrated in 
the three governorates, specifically Cairo and Giza Governorates. This also 
shows that drinking water production in the rest of Egypt is decreasing and this 
will have a great impact on the government’s plan to reduce the pressure from 
Cairo and the Greater Cairo Region. The government should provide the basic 














services for the inhabitants of the rest of the governorates to prevent internal 
migration to urban areas that have better services. 
 
Figure 6-23: The percentages of drinking water production of Cairo, Giza and 
Qalyubia Governorates compared to the rest of Egypt in 2015-2016. 
6.3.8 Comparing drinking water consumption of Cairo, Giza and Qalyubia 
Governorates to the rest of Egypt 
The total consumption of drinking water in Egypt was 7623 million cubic metre in 
2002-2003. The total percentage of drinking water consumption for the three 
governorates (Cairo, Giza and Qalyubia) was 27% of the total consumption of 
Egypt, as shown in Figure 6-24. The percentage of drinking water consumption 
for Cairo Governorate was higher than Giza and Qalyubia Governorates. Cairo 
Governorate, being the capital of Egypt, is expected to have the highest coverage 
of basic services (such as drinking water). This situation is similar to most African 
countries as governments usually focus on providing better services in urban 
areas rather than the rural settlements. Giza and Qalyubia Governorates are not 














as urban as Cairo Governorate. Both governorates, Giza and Qalyubia, include 
rural areas so the drinking water coverage is not high as Cairo Governorate.  
 
Figure 6-24: Percentages of drinking water consumption of Cairo, Giza and 
Qalyubia Governorates compared to the rest of Egypt in 2002-2003. 
However, the situation changed after the establishment of the Holding 
Company for Drinking Water and Wastewater in 2004. The Holding Company for 
Drinking Water and Wastewater developed a masterplan to increase drinking 
water coverage in Egypt, based on the available water resources and the annual 
population growth rates. This coverage includes both urban and rural areas 
equally. In 2015-2016, the total drinking water consumption of Egypt was 6474 
million cubic metre (note: less than the total consumption in 2002-2003). The total 
percentage of drinking water consumption of the three governorates (Cairo, Giza 
and Qalyubia) reached 37% (Figure 6-25). Most of the increase was in Giza 
Governorate, which, as mentioned above, has seen the highest population 
growth compared to other governorates. The percentage of drinking water 















Governorate. The percentage of drinking water consumption of Cairo 
Governorate relatively decreased, although it remained significantly higher than 
the other governorates. Indeed, while water consumption overall decreased in 
Egypt, and the total consumption of the three governorates still accounts for 37% 
of Egypt’s total consumption. This indicates that the drinking water is unequally 
distributed across the country. Per capita consumption differs from one place to 
another, despite the government’s efforts to reach 100% of drinking water 
coverage.  
 
Figure 6-25: Percentages of drinking water consumption of Cairo, Giza and 
Qalyubia Governorates compared to the rest of Egypt in 2015-2016. 
6.3.9 Drinking water losses in Cairo, Giza and Qalyubia Governorates and 
Egypt 
The data of the percentages of the drinking water losses in the three governorates 
(Cairo, Giza and Qalyubia) and Egypt is inaccurate. The red arrows in Figure 6-















(approximately 20%) of the drinking water production. The data for the rest of the 
years is inconsistent.  
 
Figure 6-26: The percentages of the drinking water losses in Cairo, Giza and 
Qalyubia Governorates and Egypt from 2002-2003 to 2015-2016. 
Despite inaccurate data in official statistics, the representative of the 
Holding Company for Drinking Water and Wastewater (Interviewee 4) stated that 
the average of drinking water loss is 30% in some areas and could even be as 
high as 40% in informal areas. Such drinking water losses are high, and is an 
indicator of the ageing infrastructure and metering systems in place. Before the 
establishment of the Holding Company for Drinking Water and Wastewater, the 
government did not allocate a budget for replacement and renewal projects; most 
investments were directed towards the new expansions of drinking water and 
sanitation projects. This affected the quality of the existing infrastructure and 
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“Before the establishment of the Holding Company for the Drinking Water 
and the Wastewater, the government’s budget did not include replacement 
and renewal projects. All the available budget was for the new investments 
only. When the Holding Company was established in 2004, a budget 
became available for replacement and renewal projects. Two separate 
budgets became available: one for the new projects and another one for 
the replacement and renewal projects. But it is not enough, and this is due 
to the economic situation of the country.” (Interviewee 4) 
As noted above, illegal connections in informal settlements play a significant role 
in accounting for such water losses (Figure 6-27). Even if the residents of the 
informal settlements pay a fine, these illegal connections still weaken the existing 
infrastructure and increase water losses.  
“Yes, it is the government’s responsibility to provide the informal 
settlements with drinking water and sanitation services even if they are 
illegal settlements. They have to pay for the service (water consumption) 
and pay fines for the illegal connections. Because if we do not provide 
these services, they will connect illegally to the main network. So, at least 
we force them to pay fines for the illegal connections and pay for the 
drinking water service. This is a temporary solution until the government 
replaces these settlements with other formal settlements or relocates the 
residents to other planned areas.” (Interviewee 4) 
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Figure 6-27: An unplanned settlement in Cairo Governorate. This photo shows 
the urban forms in these areas, the poor quality of the infrastructure and the 
narrow streets that prevent the efficient flow of resources in and out these 
settlements (Source: author’s site visits). 
 Drinking water losses are also associated with a huge amount of energy 
losses. The production and distribution of drinking water require a huge amount 
of energy, so when water losses increase, the percentage of the energy used in 
the production and distribution of the drinking water is wasted. In addition, all 
these water losses enter the water cycle again as treated or untreated wastewater 
(NWRP, 2017). This adds the amount of energy that is required for the treatment 
of wastewater.  
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6.3.10 Comparing the drinking water losses of Cairo, Giza and Qalyubia 
Governorate to the rest of Egypt 
The total drinking water losses of Egypt in 2002-2003 was 1161 million cubic 
metre and the production was 9923 million cubic metre. The percentage of 
drinking water losses of Cairo Governorate was 20% in the same year. The 
percentages of drinking water losses in Giza and Qalyubia were low, as shown 
in Figure (6-28).  
 
Figure 6-28: The percentages of the drinking water losses in Cairo, Giza and 
Qalyubia Governorates compared to the rest of Egypt in 2002-2003. 
 In 2015-2016, drinking water production in Egypt decreased (9207 million 
cubic metre) and the losses increased (2733 million cubic metre). The losses of 
Cairo Governorate also increased significantly as the percentage of the drinking 
water losses reached 26% of the total losses of Egypt (Figure 6-29), this at a time 
when drinking water production did not increase at the same rate as the losses. 
In 2002-2003, the drinking water production of Cairo Governorate was 2043 
million cubic metre, with losses of 237 million cubic metre. In 2015-2016, 













tripled (699 million cubic metre). There was a substantial increase in the drinking 
water production of Giza Governorate between 2002-2003 (57 million cubic 
metre) and 2015-2016 (1235 million cubic metre). This increase was associated 
with a significant increase in water losses from 2002-2003 (7.4 million cubic 
metre) to 2015-2016 (410 million cubic metre). Additionally, the percentage of 
drinking water losses of Giza Governorate reached 15% of the total of Egypt. The 
percentage of the drinking water losses of Qalyubia Governorate increased in 
2015-2016, although water production remained almost stable from 2002-2003 
to 2015-2016. The total percentage of the drinking water losses of the three 
governorates (Cairo, Giza and Qalyubia) was 22% of the total losses of Egypt in 
2002-2003. In 2015-2016, the percentage of the three governorates reached 43% 
of the total losses of Egypt.  
 
Figure 6-29: The percentages of the drinking water losses in Cairo, Giza and 
Qalyubia Governorates compared to the rest of Egypt in 2015-2016. 
  The percentage of drinking water production, consumption and losses are 
extremely high in Cairo and Giza Governorate compared to the rest of Egypt. 















to their rapid population growth and urbanization. Furthermore, a huge amount of 
these water resources is wasted because of ageing infrastructure (networks and 
metering systems) and the poor and illegal connections in informal settlements.  
6.3.11 Percentages of households without access to water and without 
direct access to drinkable water in 2017 
Cairo Governorate has the lowest percentage of households without direct 
access to water and drinkable water, being the capital of Egypt, so it receives the 
best services (Figure 6-30). This is followed by Qalyubia Governorate, while Giza 
Governorate had the highest percentage of households without direct access to 
water and drinkable water, largely due to the size of its unplanned settlements. 
 
Figure 6-30: The percentages of households without direct access to water and 
without direct access to drinkable water in 2017.  
In general, the drinking water coverage in Egypt was 95% to 96% in 2017-
2018, as the representative of the Holding Company for Drinking Water and 
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to the rapid population growth, the country’s political situation and the lack of 
investment, finance, the masterplan’s projects were delayed.    
“The coverage of drinking water services all over Egypt is 95% to 96%. 
During 2010 we reached 100% coverage. From 2010 to 2018 percentage 
of drinking water coverage decreased to 95% to 96%, due to the rapid 
population growth. The annual population growth rate is 10 times the rate 
of the implementation of the water projects. The projects are not being 
implemented as the masterplan, there is some delay. Due to the political 
situation in the country” (Interviewee 4). 
“There is a delay in the projects and the budget is not always available” 
(Interviewee 4). 
“The political situation of the country, the available budget, and the lack of 
public participation and engagement” (Interviewee 4). 
“Between 2011 and 2015-2016, the water sector was affected by the 
political situation in the country during and after the revolution” 
(Interviewee 4). 
This indicates that the government cannot cope with the rapid population growth 
in Egypt, absorb this growth and provide the basic services for its inhabitants. 
However, the representative of the Holding Company for Drinking Water and 
Wastewater clarified that the country started to recover from the impacts of the 
revolution and accordingly the water sector will improve by following the 
masterplan. 
“Between 2011 and 2015-2016, the water sector was affected by the 
political situation in the country during and after the revolution. Nowadays, 
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the water sector started to catch up and follow the masterplan again. The 
number of new investments, replacement and renewal projects will 
increase, too.” (Interviewee 4). 
6.4 The wastewater sector in Egypt, Cairo, Giza and Qalyubia 
Governorates 
The available data for the wastewater sector in the Central Agency for Public 
Mobilization and Statistics of Egypt was reviewed from 2000-2001 to 2016-2017. 
All the reports do not include the actual quantities of wastewater production. The 
available data is only for the quantities of collected wastewater and the types of 
treatment. Unfortunately, this data is not suitable for this study because I will not 
be able to identify the trends of wastewater production growth over time. The data 
for Egypt’s wastewater production and the rest of the governorates is available in 
the “2030 Strategic Vision for Treated Wastewater Reuse in Egypt” (AbuZeid and 
Elrawady, 2014). Egypt’s wastewater production and all the governorates in 2011 
were used as a baseline to develop the 2030 strategy. Therefore, the data of the 
wastewater production of Egypt, Cairo, Giza and Qalyubia is obtained from the 
2030 strategy, being the most accurate and available data.  
6.4.1 Wastewater production and percentages of the untreated 
wastewater of Egypt, Cairo, Giza and Qalyubia Governorates 
In 2011, the total wastewater production of Egypt was 7048 million cubic metre 
and 52% of the generated wastewater was untreated (Figure 6-31). The situation 
of Cairo Governorate was better with the percentage of the wastewater treatment 
is higher than the rest of the governorates. The total wastewater production of 
Cairo Governorate was 1818 million cubic metre in 2011 and 29% of the 
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generated wastewater was untreated (Figure 6-31). Giza Governorate’s 
percentage of untreated wastewater is higher than Cairo’s, but lower than the 
average of Egypt. Giza Governorate’s figures are reflective of the larger size of 
its rural population (41%) and the tendency to have fewer wastewater treatment 
plants in non-urban areas. Qalyubia Governorate had a higher percentage of 
untreated wastewater in 2011 compared to Cairo and Giza, and is also above the 
average of Egypt. Qalyubia Governorate’s reflectively large (55%) rural 
population means that it has fewer wastewater treatment plants. 
 
Figure 6-31: The total wastewater production and the percentages of untreated 
wastewater of Egypt, Cairo, Giza and Qalyubia Governorates in 2011.  
 However, the coverage of the sanitation services is not an indicator to the 
percentage of treated or untreated wastewater. The representative of the Holding 
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average coverage of sanitation services is 50%, reaching up to 95% in urban 
settlements and as low as 15% in rural settlements. In rural areas the sewage is 
pumped into septic tanks and these tanks are drained every two weeks. The 
sewage is then transferred to a wastewater treatment plant or to any other water 
body without treatment. According to Interviewee 4, septic tanks have become 
ineffective due to the rapid population growth and the government developed a 
2030 strategy to increase the sanitation coverage to reach 100% that includes 
both rural and urban settlements.  
“The coverage of the drinking water services is 95%, and the sanitation 
services only is 50%. The coverage of the sanitation services in cities is 
95%, but in rural settlements and villages is 15%. This means that 85% of 
rural settlements are without sanitation services. However, the coverage 
of the drinking water services in rural settlements is 95%” (Interviewee 4).  
“In the rural settlements and villages, if they are not connected to a 
sanitation network and treatment plant, they usually have a septic tank for 
each house. The average capacity of the septic tank is from 10 to 15 cubic 
metre. The sewage is pumped into these tanks and then it is sucked every 
two weeks. The sewage is then transferred to a treatment plant or to any 
water body. I mean canals, lakes, in some areas they dump it in the desert 
and agriculture land” (Interviewee 4). 
Author: “Without treatment!”  
Interviewee 4: “Yes, without treatment.”  
Author: “Does these activities affect the water resources in Egypt? The 
River Nile and the groundwater”. 
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Interviewee 4: “It affects the water resources and it has a major impact on 
public health and productivity.  Therefore, the government established a 
strategy to provide 100% sanitation coverage within 5 to 10 years. To 
achieve this target, 200 billion Egyptian pounds are required.”  
In general, the percentages of the untreated wastewater in Egypt, Cairo, Giza 
and Qalyubia governorates are all considered high. The lack of wastewater 
treatment and access to sanitation services is a common problem worldwide, 
specifically in the Global South. According to United Nations statistics, 6 in 10 
people lack access to adequate sanitation services and more than 80% of 
wastewater is discharged into water bodies without treatment (United Nations, 
2016c).  
The total wastewater production of Egypt was 7048 million cubic metres in 
2011 and the total population was 81 million inhabitants. By 2030, the total 
population of Egypt is expected to reach 112 million inhabitants, and this will be 
associated with a substantial increase in the production of wastewater as it is 
expected to be 11673 million cubic metres. This is based on the estimates of the 
“2030 Strategic Vision for Treated Wastewater Reuse in Egypt” (AbuZeid and 
Elrawady, 2014) which considered the annual population growth of each 
governorate in Egypt and how to provide the 100% coverage of sanitation 
services and wastewater treatment. This target is a top government’s priority, 
although the lack of financing is one of the major challenges to achieve it. The 
water tariff is insufficient to provide the budget required for sanitation and 
wastewater treatment, even if it increased and covered 100% of the cost of 
drinking water production, distribution, operation and maintenance.   
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“I think nowadays, 80% of the actual cost is covered. Next year (2019) the 
tariff will cover 100% of the actual cost of drinking water. We expect to 
move to another stage to cover the operation, maintenance and new 
investments. To cover the new investments, it might take some time, 
because we have a big gap in the sanitation services. As previously 
mentioned, 200 billion Egyptian pounds are required to reach 100% 
sanitation coverage. It will be difficult to cover this amount of money from 
the tariff. If the government was able to cover this gap, then all the new 
investments that are required to meet the increasing population can be 
covered from the drinking water tariff” (Interviewee 4). 
“After we reach 100% sanitation coverage, all the investments will be 
directed towards the expansions of the drinking water and sanitation 
projects to meet the increasing demand due to the rapid population growth. 
So, we need to increase the water tariff to cover the expenses of the 
operation, maintenance and the new investments. The new investments 
include; water and sanitation treatment plants, and networks. The 
government can finance the sanitation and wastewater projects by 
applying for grants and loans from the World Bank, African Bank and the 
European Bank” (Interviewee 4). 
 This indicates that increasing the coverage of sanitation services and 
wastewater treatment, as well as reducing the amount of pollution arising from 
the release of untreated wastewater, are considerable challenges for the 
Egyptian government. To overcome these challenges, wastewater should be 
considered as a secondary renewable resource that could be a source of income 
if it was managed efficiently. The production of wastewater is expected to 
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increase due to Egypt’s rapid population growth. There is a huge potential to 
develop sludge-to-energy technology if sanitation coverage is increased.  This 
could provide Egypt with a renewable source of energy that would reduce its 
reliance on fossil fuels and the amount of untreated wastewater that is dumped 
into the water bodies. Reducing the consumption of fossil fuels could increase 
Egypt’s exports of natural gas to other countries that will maintain the flow of 
foreign currency, which is required to import other important products. As 
mentioned earlier in this chapter, water scarcity in Egypt is increasing and has a 
massive impact on food production. The government is banning the production 
of many crops that require a huge amount of water to grow. These crops are 
replaced by others that can grow with less water. The government will need 
foreign currency to import other crops and products to meet the increasing 
demand for food due to the rapid population growth. This shows that improving 
the sanitation coverage and developing the sludge-to-energy technology in Egypt 
could have a significant impact on other sectors, not just the wastewater sector. 
The efficient management of resources requires understanding the condition of 
each resource separately and then collectively to develop strategies and make 
better decisions for integrated resource management. 
6.4.2 Comparing the percentages of wastewater production of Cairo, Giza 
and Qalyubia Governorates to the rest of Egypt 
The total percentage of wastewater production in Cairo, Giza and Qalyubia 
governorates was 43% of the total production of Egypt in 2011 (Figure 6-32). 
Unfortunately, I could not compare this percentage with previous and subsequent 
years due to the lack of reliable data. However, the average annual population 
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growth rates of the three governorates, as presented in Chapter 4, indicate that 
this percentage is expected to increase in the future.   
 
Figure 6-32: The percentages of wastewater production of Cairo, Giza and 
Qalyubia Governorates compared to the rest of Egypt in 2011.  
The generated wastewater could hold huge potential for Cairo, Giza and 
Qalyubia Governorates if it was considered as a secondary resource and was 
transformed into a source of income instead of being a burden. This requires 
increasing the coverage of sanitation services, the percentage of wastewater 
treatment and the quality of treatment to: 
§ maximize the use of treated wastewater to reduce the consumption of primary 
water resources and reduce the pollution levels, 
§ maximize the use of sludge-to-energy technology to provide these 
governorates with a renewable source of energy and reduce the imports and 
consumption of non-renewable energy resources (as mentioned in Chapter 5, 
none of these governorates produce energy). The representative of the 













significant potential of such projects in Egypt and that the government is 
already encouraging the private sector to get involved in these projects. 
“There are new ideas to add sludge treatment plants to new sanitation 
projects to generate electricity. The government is encouraging the private 
sector to participate in such projects by selling and transmitting directly to 
the electricity grid. On the other hand, the government will take 2% of the 
produced electricity and the private sector will provide the required 
electricity to operate the treatment plants. There are already existing 
projects in Kafer El Sheikh and will be ready to transmit electricity within 
one or two months” (Interviewee 4) 
§ and finally, to improve public health; this will save part of the allocated budget 
for the health sector.  
6.4.3 Types of wastewater treatment in Egypt, Cairo, Giza and Qalyubia 
Governorates 
Wastewater treatment in Egypt varies from one place to another as shown in 
Figure 6-33. For example, the wastewater treatment in Qalyubia relies on 
secondary treatment. In Giza Governorate, the majority of wastewater treatment 
relies on primary treatment, followed by secondary treatment and a small 
percentage of tertiary treatment. Most of wastewater treatment in Cairo 
Governorate relies on secondary treatment. In general, the majority of 
wastewater treatment in Egypt relies on secondary treatment followed by the 
primary treatment and a small percentage rely on tertiary treatment. This explains 
the target of the government’s 2030 strategy to focus on the following: 
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§ increasing wastewater treatment to reach 100% all over the country by 
providing secondary wastewater treatment plants, 
§ upgrading the existing wastewater primary treatment plants to secondary 
treatment plants,  
§ and keep the existing tertiary wastewater treatment plants in operation.  
 
Figure 6-33: Quantities of the treated (based on the type of treatment) and 
untreated wastewater in 2011.  
6.4.4 The percentage of households without sanitation services in Egypt, 
Cairo, Giza and Qalyubia Governorates in 2017  
This data was available in a recent report for the Central Agency for Public 
Mobilization and Statistics (CAPMAS, 2017f). Cairo Governorate has the lowest 
Qalyubia Giza Cairo Egypt
Untreated wastewater 228.53 393.54 530.92 3674
Tertiary treatment 0 27.01 14.6 67.6
Secondary treatment 80.8 165.7 1266.6 2416.7












Quantities of the treated (based on the type of treatment) and untreated 
wastewater in 2011
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percentage of households without direct access to sanitation services compared 
to Giza, Qalyubia and the average of Egypt (Figure 6-34). As explained earlier, 
as Cairo Governorate is 100% urban and the capital of Egypt, usually the 
percentage of direct access to basic services is higher in urban areas and cities 
rather than the rural settlements. This is common in developing countries, most 
services and investments are concentrated in the capital and big cities. To reduce 
internal migration, the government should provide adequate services for the 
inhabitants in all governorates to reduce the pressure from Cairo Governorate. 
 
Figure 6-34: The percentages of households without sanitation services in Egypt, 
Cairo, Giza and Qalyubia Governorates in 2017. 
The percentage of households without direct access to sanitation services 
is extremely high in Giza, Qalyubia and Egypt in general compared to the rest of 
















Cairo Giza Qalyubia Egypt
Percentages of households without sanitation services in 2017
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Figure 6-35: Percentages of households without access to basic services in 2017. 
6.5 Conclusion: 
This chapter presented the current situation of the water and wastewater sectors 
in Egypt. Both sectors are creating considerable challenges. Water resources are 
limited, the population is rapidly increasing and water losses are increasing due 
to ageing infrastructure, water meters and illegal connections in informal 
settlements that weaken the existing infrastructure. The lack of financing, public 
awareness and the political situation of the country delayed the expansion of the 
drinking water projects to meet the increasing demand for water. The government 
established a strategy to overcome water resources scarcity that considered 
many aspects but did not include improving the infrastructure of informal 
Cairo Giza Qalyubia Egypt
% of households without direct
access to water 0.48% 5.10% 4.10% 3.02%
% of households without direct
access to drinkable water 1.56% 8.04% 5.48% 6.28%
% of households without sanitation 1.45% 28.76% 32.58% 43.95%
% of households living in areas
without public waste collection 35.87% 42.85% 34.15% 47.34%
% of households without grid
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settlements even though these areas have a massive impact on the consumption 
of all the resources, not just the drinking water. 
The available data for the wastewater sector in Egypt is limited and mainly 
focuses on the quantities of collected and the types of treatment rather than the 
total production. This is a common problem for both wastewater and solid waste 
(the outputs of cities) or secondary resources; the data is rare and the available 
data is inaccurate. This is due to the low percentage of sanitation coverage, so it 
is difficult to quantify the actual wastewater production. However, the 
government’s 2030 strategy for wastewater treatment is to increase the sanitation 
coverage to reach 100%. This will improve the quality of wastewater data; 
meanwhile, pilot studies can provide better data and then the total production 
could be estimated.  
The current situation of the sanitation coverage in Egypt is low, particularly 
in rural areas where it can be as low as 15%. This has a massive impact on the 
environment as it increases the pollution levels of existing water resources and 
causes health problems that reduce human productivity. It is crucial to transform 
the wastewater into a source of income by upgrading it and feeding it back into 
the urban and rural systems. This will not be achieved without increasing 
sanitation coverage, the quality of treatment and developing sludge-to-energy 
projects.  
The situation of water resources and drinking water production and 
consumption of the three governorates (Cairo, Giza and Qalyubia) is similar to 
the situation of all Egypt. The percentage of drinking water production and 
consumption of the three governorates is extremely high compared to the rest of 
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Egypt (reaching 37% in 2015-2016), particularly in Giza governorate as there was 
a substantial increase in the drinking water production and consumption during 
2002 to 2016. The amount of drinking water losses of the three governorates 
reflects the ageing infrastructure and the illegal connections of informal 
settlements that represent a high percentage of the urban settlements. 
The percentage of the wastewater production of the three governorates 
was 43% in 2011. This is the most recent available data. However, this 
percentage is expected to increase in the future due to the rapid population 
growth. The following steps should be considered in the future to better manage 
the available water resources and wastewater in Cairo, Giza and Qalyubia: 
§ upgrade unsafe and the unplanned areas, provide adequate infrastructure 
and metering systems,  
§ improve the existing infrastructure and metering systems all over the 
country to reduce the water losses, 
§ improve the sanitation coverage and sludge-to-energy projects to provide 
the three governorates with a source of renewable energy, and reduce the 
pollution levels of available water resources, 
§ improve the quality of wastewater treatment to maximize the use of treated 
wastewater and reduce the use of primary water resources, 
§ and establish an integrated solid waste management system to prevent 
and reduce the environmental impacts of waste entering water streams. 
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7 Chapter Seven: The current and future projections of 
the municipal solid waste sector in Cairo, Giza and 
Qalyubia Governorates and the whole country Egypt 
7.1 Introduction 
This chapter presents the current situation and the future projections of the 
municipal solid waste sector in Cairo, Giza and Qalyubia Governorates and all 
Egypt. The quantitative and qualitative data of the municipal solid waste in Cairo, 
Giza and Qalyubia Governorates and Egypt are merged and explained in depth. 
To target the most important quantitative data to measure and assess municipal 
solid waste I used the third layer of the multi-layered indicator set that was 
developed by (Kennedy et al., 2014). The available data for solid waste in Egypt 
at different scales (national and local levels) is limited, inaccurate and the 
methods of data collection are inconsistent. Therefore, to address this knowledge 
gap, two semi-structured interviews were conducted with: 
§ A representative of the Ministry of Environment (Interviewee 1) as it is 
responsible for Egypt’s solid waste sector. This interview was conducted to 
better understand the strategic level of managing the solid waste sector. 
§ A representative of the Public Authority of Cleaning and Beautification of Cairo 
Governorate (Interviewee 3). This department is responsible for the day-to-day 
collection of municipal solid waste in Cairo Governorate. This interview was 
conducted to better understand the challenges of the day-to-day collection of 
solid waste in Cairo Governorate. 
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Both interviews were critically analysed, using NVivo, and presented in 
this chapter. The study also included site visits to different settlements (low, 
medium and high-density settlements including formal and informal settlements) 
in Cairo Governorate to identify the challenges of the waste management sector 
according to the characteristics of each settlement.  
The data in this chapter is different from the previous chapters as the 
amount of qualitative data (from the semi-structured interviews) is larger than the 
quantitative data. This is due to the lack of reliable data for the actual quantities 
of generated solid waste. This is a common problem in many cities worldwide, as 
quantitative data of solid waste is unreliable (Koop and Leeuwen, 2017). 
7.2 Layer 3-3: Municipal solid waste in Cairo, Giza and Qalyubia 
Governorates and Egypt 
The third layer of the original multi-layered indicator set includes: the 
consumption of energy (all types); electricity sources; consumption of water; 
consumption of food; building materials; generation of solid waste and 
wastewater (Kennedy et al., 2014). The focus of this study is on the energy, 
electricity and water sectors as examples of the inputs of cities and the solid 
waste and wastewater as examples of the outputs of cities. The energy and 
electricity sectors (Layer 3-1) were presented in Chapter 5, the water and 
wastewater sectors (Layer 3-2) were presented in Chapter 6 and solid waste 
sector (Layer 3-3) is presented in this chapter (Chapter 7). This chapter includes 
the following data: 
§ The total collected solid waste, waste composition and the percentage of 
organic waste of Egypt, Cairo, Giza and Qalyubia Governorates in 2010.  
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§ The total collected solid waste of Egypt, Cairo, Giza and Qalyubia 
Governorates based on the entity that collected and disposed of it between 
2006 and 2016.  
§ The total generated municipal solid waste of Egypt from 2001 to 2012. 
§ The daily generation of municipal solid waste of Egypt, Cairo, Giza and 
Qalyubia Governorates in 2012. 
§ Percentages of the daily generated municipal solid waste in Cairo, Giza and 
Qalyubia Governorates compared to the rest of Egypt in 2012. 
§ Municipal solid waste composition of Egypt in 2012. 
§ Percentages of the municipal solid waste collection coverage of Egypt, Cairo, 
Giza and Qalyubia Governorates in 2012. 
§ Percentages of households without public waste collection of Egypt, Cairo, 
Giza and Qalyubia in 2017. 
Sources of secondary data are presented in Chapter 3 Table 3-1 and the criteria 
of including or excluding reports are presented in Appendix 12.  
7.3 The total collected municipal solid waste for Egypt Cairo, Giza and 
Qalyubia Governorates  
While reviewing official reports to collect municipal solid waste data like the 
previous resources in this study, I noticed that most of the available data is for 
collected solid waste and not for generated waste. This is expected because solid 
waste collection coverage is less than 100%. In urban areas, the average of solid 
waste collection is 50-65% and in rural areas is 0-30% (SWEEP-Net, 2014). In 
addition, the methods of data collection are inconsistent and inaccurate. For 
example, the Egypt in Figures 2012 Report (CAPMAS, 2012) includes the 
following: 
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§ The total collected solid waste in Egypt and all the governorates in 2010. 
§ The waste composition (cardboard, plastic, glass and metal, and organic 
waste is added to the metal) in 2010. 
§ The percentage of organic in each governorate in 2010 and the average of 
Egypt is missing. 
 Egypt in Figures reports for previous years did not include similar data for 
solid waste collection or any other data for solid waste. The total collected solid 
waste, composition and the percentage of organic waste for Egypt, Cairo, Giza 
and Qalyubia Governorates in 2010 are presented in Table 7-1. It is noted that 
the quantities of plastic and glass waste in Giza Governorate are equal. This 
strongly indicates that these quantities are estimated rather than being accurately 
measured. Similarly, the quantities of cardboard, plastic and glass waste in 
Qalyubia Governorate are equal. This also shows that all these quantities are 
estimated and are not accurately measured.  
Table 7-1: The total collected solid waste (tonnes/year) of Egypt, Cairo, Giza and 
Qalyubia Governorates in 2010.  
The total collected solid waste (tonnes/year) in 2010 










Cairo 535,711 309,864 164,834 3,111,241 4,121,650 40% tonnes/year 
Giza 73,562 30,651 30,651 600,757 735,621 43% tonnes/year 
Qalyubia 36,024 36,024 36,024 492,353 600,425 40% tonnes/year 
Egypt 1,321,852 855,591 489,438 11,139,388 13,806,269 N/A tonnes/year 
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The percentages of organic waste in each governorate are also lower than 
the percentages that the interviewees mentioned during interviews (Table 7-1). 
The representative of the Ministry of the Environment (Interviewee 1) mentioned 
that the percentage of organic waste is 60% in rural areas and 50% in urban 
areas.  
“No, I am talking about the municipal solid waste. If each person produced 
one kilogram of waste every day, then organic waste will be 50 grams” 
(Interviewee 1). 
“50% in urban areas and 60% in rural areas. Because in rural areas they 
do not have cans and plastics like the urban areas. Usually they use glass 
bottles and exchange them” (Interviewee 1). 
The representative of the Public Authority of Cleaning and Beautification of Cairo 
Governorate (Interviewee 3) clarified that the percentage of organic waste in 
informal areas and low-income settlements is higher than the percentage of 
organic waste in high-income settlements. 
“In low-income settlements the solid waste is higher. In low-income 
settlements (such as Ain Shams and Mataria) the content of organic waste 
is higher because they buy the raw vegetables and clean it at home. In 
high-income settlements (such as Maadi and Zamalek) they buy clean 
vegetables, so organic waste is less” (Interviewee 3).   
“It (organic waste) differs from one place to another, but the average is 
60%. As I mentioned in informal settlements the percentage of organic 
waste is higher than other high-income settlements. Organic waste 
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represents 60% of the solid waste and 40% of other types of waste such 
as cans, plastics, glass and cardboard” (Interviewee 3). 
The above data shows that the available data of the percentage of organic waste 
is unreliable. It is important to accurately measure the exact quantities of the solid 
waste generation and the quantities of each type of waste to maximize the use 
of solid waste as a secondary resource.    
Another example highlighting that existing methods of data collection for 
solid waste are inconsistent is that the available data from 2006 to 2016 in official 
reports is different from the methods of data collection in 2010. The total collected 
solid waste from 2006 to 2016 are presented based on the entity that collected 
and disposed of it. Furthermore, solid waste is divided into two different types: 
the first is presented in tonnes, and the second in cubic metres. The data does 
not show the composition of collected waste and the percentage of organic 
waste, as in the data for 2010. The total collected solid waste from 2006 to 2016 
is presented in Table 7-2. The total quantities of the collected solid waste for 
example, in Cairo Governorate (highlighted in red) and Egypt (highlighted in 
green) indicate that these quantities are incomparable. For example, the total 
collected solid waste in Cairo Governorate in 2006 was 3 million cubic metre, in 
2012 was 49 million cubic metre, in 2014 more than 15 million cubic metre and 
in 2016 less than 2 million cubic metre. Although this data (presented in Table 7-
2) was obtained from official statistics, the unexplained variation meant that it 
could not be used to generate reliable graphs or charts to identify the trends of 




Table 7-2: The total collected solid waste from 2006 to 2016 of Egypt, Cairo, Giza 
and Qalyubia Governorates. 
 
The above data for solid waste generation indicates inconsistencies and 
raise concerns around the accuracy of available data in official reports. These 
reports were reviewed before I conducted the semi-structured interviews with the 
representative of the Ministry of Environment and the representative of the Public 
Authority for Cleaning and Beautification of Cairo Governorate. Therefore, I had 
the chance to ask them during the interviews whether this data is accurate, and 
if not, where the most accurate data for the solid waste generation could be 
obtained. The representative of the Ministry of Environment (Interviewee 1) 
revealed that they do not have full control of the solid waste sector. This is due 
to the involvement of many sectors (formal and informal) in the solid waste 
collection, specifically the informal sector (such as Cairo’s informal garbage 
collectors El-Zabbaleen). He suggested that the most accurate data would be in 
Ton cubic metre Ton cubic metre Ton cubic metre Ton cubic metre
Cairo 400,470 66,913 2,164,178 2,496,237 697,849 568,353 3,262,497 3,131,503
Giza 2,139,410 2,323,390 524,840 887,645 36,000 600 2,700,250 3,211,635
Qalyubia 173,510 390,993 38,600 10,800 _ 26,745 212,110 428,538
Egypt 19,973,069 18,048,739 5,373,712 5,912,239 1,368,362 1,136,070 26,715,143 25,097,048
Cairo 1,138,250 1,750,377 2,958,557 1,675,575 968,468 45,894,795 5,065,275 49,320,747
Giza 1,052,640 478,973 1,516,660 1,186,474 11,469,300 5,734,717 14,038,600 7,400,164
Qalyubia 762,255 283,587 262,800 82,826 40 127,750 1,025,095 494,163
Egypt 57,930,175 56,175,216 7,210,677 6,236,348 14,396,907 51,975,412 79,537,759 114,386,976
Cairo 144,550 554,895 1,500,662 806,306 1,077,847 14,415,274 2,723,059 15,776,475
Giza 722,129 531,324 735,563 178,177 245,490 6,000 1,703,182 715,501
Qalyubia 590,295 1,057,476 248,200 197,100 182,500 109,500 1,020,995 1,364,076
Egypt 5,981,285 28,060,651 4,455,251 1,263,230 1,697,321 14,621,352 12,133,857 43,945,233
Cairo 2,331,000 406,000 264,000 1,140,000 1,065,000 208,000 3,660,000 1,754,000
Giza 587,000 338,000 199,000 _ 282,000 228,000 1,068,000 566,000
Qalyubia 870,000 414,000 485,000 394,000 163,000 2,000 1,518,000 810,000
Egypt 12,932,000 10,535,000 2,355,000 1,703,000 2,296,000 1,659,000 17,583,000 13,897,000
2016
2012
Total amount of collected solid waste 
2014
2006
City council Waste collection companies Informal sector Total
Year 
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the reports that were prepared by the collaboration of the Egyptian government 
and the German Agency for International Cooperation (GIZ) such as the Country 
Report on the Solid Waste Management in Egypt 2014 (SWEEP-Net, 2014).  
“As long as we do not have full control on the system, we will never have 
accurate data for the quantities of the solid waste” (Interviewee 1). 
“No, do not use these reports (official statistics); use the GIZ reports if you 
want to find accurate data. Most of the municipal solid waste data are 
inaccurate due to the informal sector as mentioned previously” 
(Interviewee 1). 
The representative of the Public Authority for Cleaning and Beautification 
of Cairo Governorate explained how they measure the total amount of the solid 
waste production in Cairo Governorate. This is based on the average generated 
solid waste by each household (estimated 1.5 to 2kg/day) multiplied by the 
number of residential units in each neighbourhood.  
“Cairo is divided into 38 neighbourhoods. We calculate the number of 
residential units in each neighbourhood. Then we calculate the average of 
generated solid waste by each household which is 1.5 to 2kg/day” 
(Interviewee 3). 
Although the representative of the Public Authority for Cleaning and 
Beautification of Cairo Governorate is involved in the day-to-day collection of 
municipal solid waste in Cairo Governorate, the quantities that he mentioned for 
household generation does not match the quantities that are mentioned in the 
Country Report on the Solid Waste Management in Egypt 2014 (SWEEP-Net, 
2014). The average municipal solid waste per capita in urban areas is 0.7- 1.0 
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kg/day and in rural areas is 0.4 - 0.5 kg/day (SWEEP-Net, 2014). The average 
members in each household in Cairo Governorate is 3.64 based on Egypt 
Census 2017 (the total population of Cairo Governorate 9,461,246 divided by the 
total number of households 2,595,977 in 2017). If the average members in each 
household was multiplied by the average waste generation per capita as 
mentioned in the Country Report on the Solid Waste Management in Egypt 2014 
(SWEEP-Net, 2014), then the average generation per household should be 
(0.7×3.64= 2.55 kg/day to 1×3.64= 3.64 Kg/day). This quantity of solid waste 
generation per household is higher than the average generation per household 
that the representative of the Public Authority for Cleaning and Beautification of 
Cairo Governorate stated. Again, this conflicting data indicate that the quantities 
of solid waste generation are inaccurate and unreliable. This misleading data will 
have a massive impact on establishing an integrated sustainable waste 
management system.  
Flowing from the qualitative and quantitative data that are presented 
above, I then decided to use the data of the Annual Report for Solid Waste 
Management in Egypt, 2013 (Zaki et al., 2013) and the Country Report on the 
Solid Waste Management in Egypt 2014 (SWEEP-Net, 2014), being the most 
accurate and reliable data that is available.  
7.4 Municipal solid waste generation of Egypt, Cairo, Giza and Qalyubia 
Governorates  
Municipal solid waste generation in Egypt has been consistently increasing over 
a period of 11 years - as shown in Figure 7-1 - and it is expected to continue 
increasing in the future due to the rapid urbanization and population growth.  
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Figure 7-1: The annual municipal solid waste generation of Egypt from 2001 to 
2012. (Source: The Annual Report for Solid Waste Management in Egypt, 2013 
(Zaki et al., 2013) 
  In 2012, the municipal solid waste production per capita was 0.7-1.0 
kg/day in urban areas and 0.4-0.5 kg/day in rural areas (SWEEP-Net, 2014). 
These quantities are almost similar to the waste generation per capita in 2018 
based on the world bank report “What a Waste 2.0: A Global Snapshot of Solid 
Waste Management to 2050” (Silpa Kaza et al., 2018) as the waste generation 
per capita of Egypt is 0.50 to 0.99 kg/day (Figure 7-2). This indicates that the 





















Figure 7-2: World map: waste generation per capita in 2018. (Source: The World 
Bank report “What a Waste 2.0: A Global Snapshot of Solid Waste Management 
to 2050” (Silpa Kaza et al., 2018).   
The data of the annual municipal solid waste generation of Cairo, Giza and 
Qalyubia Governorates is unavailable in the Annual Report for Solid Waste 
Management in Egypt, 2013 (Zaki et al., 2013) and the Country Report on the 
Solid Waste Management in Egypt 2014 (SWEEP-Net, 2014). However, the data 
of the daily municipal solid waste generation of Cairo, Giza and Qalyubia 
Governorates and Egypt in 2012 was available in both reports (presented in 
Figure 7-3). The daily municipal solid waste generation of Cairo Governorate is 
higher than Giza and Qalyubia as it has the highest population. It is expected that 
Giza Governorate’s municipal solid waste will increase due to its rapid growth in 
population, having a high average annual growth rate than Cairo and Qalyubia 
(see Chapter 4).   
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Figure 7-3: The daily municipal solid waste generation of Egypt, Cairo, Giza, and 
Qalyubia Governorates in 2012. Source: The Annual Report for Solid Waste 
Management in Egypt, 2013 (Zaki et al., 2013). 
The total percentage of the daily municipal solid waste generation of the 
three governorates (Cairo, Giza and Qalyubia) was 40% of the total generation 
of Egypt in 2012, which is considered extremely high (Figure 7-4). The highest 
percentage was Cairo Governorate (26%), followed by Giza Governorate (9%) 
and finally Qalyubia Governorate (6%). These percentages were not compared 















The daily municipal solid waste generation in 2012 
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Figure 7-4: Percentages of the daily municipal solid waste generation of Cairo, 
Giza and Qalyubia Governorates compared to the rest of Egypt in 2012.  
However, the solid waste is strongly correlated with the population growth 
and urbanization, both are rapidly increasing in Cairo, Giza and Qalyubia 
Governorates, so it is projected that the municipal solid waste generation will 
continue to increase in the future. For example, the representative of the Public 
Authority for Cleaning and Beautification of Cairo Governorate (Interviewee 3) 
mentioned that the daily municipal solid waste generation of Cairo Governorate 
was approximately 6000 tonnes in 1983 and reached 17000 tonnes in 2018.  
“The Cleaning Authority for Cairo Governorate was established in 1983. In 
1983, there was 16 neighbourhoods in Cairo Governorate. Nowadays 
(2018), there is 38 neighbourhoods. The total number of neighbourhoods 
is more than the double. Of course, the quantity of the generated waste 















tonnes/day. Due to the rapid population growth and the internal migration 
the quantity of solid waste increased and reached 17000 tonnes/day. In 
the 60s the total population of Egypt was 23 million inhabitants, but now it 
reached almost 100 million inhabitants. So, the growth of the generated 
solid waste is a normal growth due to the increased population” 
(Interviewee 3). 
Furthermore, based on the world classification by income, Egypt is 
considered a lower-middle-income country (Figure 7-5) and it is projected that by 
2050 the total waste generation of the lower-middle-income countries will 
significantly increase compared to the waste generation in 2016 (Figure 7-6). 
 
Figure 7-5: The world by income, FY2017. (Source: The World Bank Group 2017, 
the world by income, FY2017 (The World Bank Group, 2017). 
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Figure 7-6: Projected waste generation by income group. (Source: What a Waste 
2.0: A Global Snapshot of Solid Waste Management to 2050 (Silpa Kaza et al., 
2018). 
It is crucial to establish an integrated sustainable waste management system to: 
§ increase waste collection coverage, 
§ maximize the use of solid waste as a secondary resource such as upgrading 
organic waste to produce biogas that is a clean and renewable source of energy 
that could be used as an alternative to traditional energy resources (primary 
resources), and 
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§ reduce the massive environmental impacts of municipal solid waste if left 
without collection and sustainable treatment. 
7.5 Municipal solid waste composition of Egypt  
The waste composition is the classification of the types of materials found in 
municipal solid waste (Silpa Kaza et al., 2018). Organic waste represents the 
highest percentage (56%), as shown in Figure 7-7. This is followed by plastics, 
paper, cardboard, a small percentage of glass and metal, and 15 % of other 
unspecified waste.  
 
Figure 7-7: Municipal solid waste composition of Egypt in 2012. (Sources: The 
Country Report on Solid Waste Management in Egypt 2014 (SWEEP-Net, 2014) 
and What a Waste: A Global Review of Solid Waste Management (Hoornweg 
and Bhada-Tata, 2012). 
  The municipal solid waste composition of Egypt is similar to the waste 
composition of other lower-middle-income countries (Figure 7-8). Municipal solid 
waste composition varies according to the income level as shown in Figure 7-8. 





















of waste (dry waste such as glass, paper, cardboard, plastics and metal) in lower-
middle-income countries. The percentage of dry waste is higher than the 
percentage of organic waste in high-income countries (Silpa Kaza et al., 2018).  
 
Figure 7-8: Waste composition by income level. (Source: What a Waste 2.0: A 
Global Snapshot of Solid Waste Management to 2050 (Silpa Kaza et al., 2018). 
  The municipal solid waste composition also varies in Egypt. In rural 
settlements, the percentage of organic waste is around 60%, which is higher than 
other types of waste. In urban settlements, organic waste is less than rural 
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settlements, as it represents 50% of the total waste and the rest is dry waste 
(such as glass, paper, plastics, metal and cardboard). 
Author: “Is the percentage of organic waste 50% or 60%, because the data 
that I have collected shows that it is 56%?” 
Representative of the Ministry of Environment (Interviewee 1): “50% in 
urban areas and 60% in rural areas.” 
Author: “Why?” 
Representative of the Ministry of Environment (Interviewee 1): “Because 
in rural areas they do not have cans and plastics like in urban areas. 
Usually they use glass bottles and exchange them.” 
  In addition, municipal solid waste composition differs in Egypt from one 
place to another. For example, in Cairo Governorate, municipal solid waste 
composition varies from one settlement to another based on the income level. In 
high-income settlements, the percentage of dry waste is higher than low-income 
settlements and the percentage of organic waste is higher in low-income 
settlements than in high-income settlements.  
Representative of the Public Authority for Cleaning and Beautification of 
Cairo Governorate (Interviewee 3): “No, the average is 1 to 1.5 kg per 
household. It varies from one place to another. The solid waste in high-
income settlements is not too much. In other low-income settlements the 
solid waste is higher. In low-income settlements (such as Ain Shams and 
Mataria) the content of organic waste is higher because they buy the raw 
vegetables and clean it at home. In high-income settlements (such as 
Maadi and Zamalek) they buy clean vegetables, so organic waste is less.”   
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Author: “But high-income settlements (such as Zamalek) will have other 
types of waste such as cans, plastics and cardboard.”  
Representative of the Public Authority for Cleaning and Beautification of 
Cairo Governorate (Interviewee 3): “Yes, of course they have other types 
of waste such as cans, cardboard, but they are all included in the solid 
waste.” 
Author: “Official statistics show that organic waste is 56% of the total 
generated solid waste.” 
Representative of the Public Authority for Cleaning and Beautification of 
Cairo Governorate (Interviewee 3): “It differs from one place to another, 
but the average is 60%. As I mentioned in the informal settlements the 
percentage of organic waste is higher than other high-income 
settlements.” 
The above data shows the high percentage (up to 56%) of organic waste 
compared to other types of municipal solid waste in Egypt. This sheds light on 
the huge potential of upgrading organic waste (secondary resource) by anaerobic 
digestion to produce biogas. Biogas is a renewable source of energy that could 
be an alternative energy source instead of relying on traditional fuels (natural gas 
and oil). This potential was explored further in Chapter 5 (particularly Figure 5-
11). Most of the urban settlements (Cairo, urban areas in Giza and Qalyubia) rely 
on natural gas as a source of energy for cooking that could be replaced by biogas.  
  The data of the municipal solid waste composition of Cairo, Giza and 
Qalyubia Governorates is unavailable in all the official statistics and published 
reports that were reviewed. This information is important to make better decisions 
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in the future for integrated sustainable solid waste management and resource 
management. Measuring the actual quantities of organic waste and tracking the 
locations (settlements) of high generation of organic waste is essential to 
maximize the use of organic waste to produce biogas and to identify the best 
locations to build anaerobic digestion plants. Measuring other types of waste is 
also important to provide suitable treatment to prevent the environmental impacts 
of the dry and organic waste if left without treatment. 
7.6 Municipal solid waste collection of Egypt, Cairo, Giza and Qalyubia 
Governorates 
The percentage of the municipal solid waste collection coverage in Egypt is 
between 50-60% in urban areas and 0-30% in rural areas (SWEEP-Net, 2014). 
These percentages show the massive gap between urban and rural areas in 
terms of accessibility to basic services such as the solid waste collection. As 
mentioned previously, specifically in the water and wastewater sectors (Chapter 
6), the percentage of households without direct access to drinking water and 
sanitation services is higher in rural areas than urban areas. This is common in 
developing countries, most of the services and investments are concentrated in 
urban areas and cities rather than rural settlements. 
   In general, waste collection rates in both urban and rural areas in Egypt 
are considered low compared to high-income countries (Figure 7-9). However, 
the average percentage of waste collection in lower-middle-income countries is 
51%, that is almost similar to the collection rates in Egypt. Moreover, the 
percentage of waste collection coverage is higher in urban areas than rural areas 
in lower-middle income countries (as shown in Figure 7-10) that is similar to the 
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situation in Egypt. In contrast, in high-income countries waste collection coverage 
is higher than other income group levels and the urban and rural collection 
coverage rates are almost equal (Figures 7-9 and 7-10). This goes some way to 
explaining low levels of pollution in high-income countries compared to lower-
middle and low-income countries. Municipal solid waste has a massive impact on 
the environment if left without collection, sustainable management, and 
treatment. Additionally, the low rates of waste collection hinder the development 
of new sustainable technologies to maximize the use of solid waste as a 
secondary resource that could be upgraded and fed back into the city. 
 
Figure 7-9: Municipal waste collection rates by income level. (Source: What a 
Waste 2.0: A Global Snapshot of Solid Waste Management to 2050 (Silpa Kaza 
et al., 2018). 
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Figure 7-10: Urban and rural collection rates by income level. (Source: What a 
Waste 2.0: A Global Snapshot of Solid Waste Management to 2050 (Silpa Kaza 
et al., 2018). 
  In 2012, the municipal solid waste collection rates in Cairo Governorate 
was 70%, Giza 60% and Qalyubia 60% (Zaki et al., 2013). Unsurprisingly, the 
waste collection rates in Cairo Governorate, being the capital of Egypt and 100% 
urban, is the highest compared to Giza and Qalyubia Governorates. The waste 
collection rates in Giza and Qalyubia Governorates are less than Cairo 
Governorate because both include rural areas (see Chapter 4), and the waste 
collection rate in rural areas is less than urban areas. 
  The percentages of households living without public waste collection in 
2017 are presented in Figure 7-11. The percentages of households living without 
waste collection in Cairo, Giza and Qalyubia Governorates are less than the 
average collection of Egypt. Yet, the overall collection coverage rates of the three 
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governorates and Egypt are still considered low and did not improve between 
2012 and 2017 causing massive environmental impacts. Most of the uncollected 
waste is usually thrown in the streets or water bodies, polluting the limited water 
resources of Egypt and causing health problems.   
 
Figure 7-11: Percentages of households living in areas without public waste 
collection in 2017. 
The percentages of households living in areas without public waste 
collection and sanitation services are the highest compared to the rest of the 
basic services as shown in Figure 7-12. This indicates that most of the 
government’s development plans and investments are directed towards 
increasing access to primary resources (such as the electricity and drinking 
water) rather than upgrading the secondary resources (output of cities such as 
the solid waste and wastewater) and maximizing their uses. Driven by climate 
















Cairo Giza Qalyubia Egypt
Percentages of households living in areas without public waste 
collection in 2017
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collection coverage and sanitation services are increased to reduce their 
environmental impacts and to upgrade these secondary resources and feed them 
back into the city. Furthermore, it became a global concern to increase waste 
collection coverage and sustainable management, and sanitation coverage to 
achieve the Sustainable Development Goals (SDGs) developed by the United 
Nations, specifically Goal 3 ‘Ensure healthy lives and promote well-being for all 
at all ages’ and Goal 6 ‘Ensure availability and sustainable management of water 
and sanitation for all’ (United Nations, 2015a). 
 
Figure 7-12: Percentages of households without access to basic services in 2017. 
Cairo Giza Qalyubia Egypt
% of households without direct
access to water 0.48% 5.10% 4.10% 3.02%
% of households without direct
access to drinkable water 1.56% 8.04% 5.48% 6.28%
% of households without sanitation 1.45% 28.76% 32.58% 43.95%
% of households living in areas
without public waste collection 35.87% 42.85% 34.15% 47.34%
% of households without grid
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7.7 Municipal solid waste treatment and disposal methods in Egypt 
The data of the municipal solid waste treatment and disposal methods is available 
for Egypt only and the data for the three governorates is unavailable in existing 
official statistics and reports. The missing data should be considered in the future 
to develop an integrated sustainable waste management system that is based on 
the quantity and composition of the generated waste.  
  Most of the generated waste in Egypt is openly dumped, and the rest is 
either composted, landfilled or recycled Table 7-3. The percentages of solid 
waste treatment that are presented in Table 7-3 are for the collected solid waste 
because the uncollected solid waste is usually thrown in the streets, desert and 
water bodies. 
Table 7-3: Municipal solid waste treatment and disposal methods in Egypt 
(SWEEP-Net, 2014). 
Municipal solid waste treatment and 





Openly dumped 80-88% 
  The percentage of the openly dumped solid waste in Egypt is higher than 
the average of lower-middle-income countries as shown in Figure 7-13. 
Moreover, the percentages of landfilled and composted solid waste in Egypt are 
less than the average for lower-middle-income countries. The percentage of 
recycled waste in Egypt is higher than the average of lower-middle-income 
countries. The overall performance of the solid waste management in Egypt is 
weak compared to other countries specifically if compared by region as shown in 
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Figure 7-13. The percentages of solid waste disposal methods in the Middle East 
and North Africa are much better than the percentages of Egypt. The challenges 
of solid waste management in Egypt that are presented below explain the failure 
and weaknesses of the solid waste sector in Egypt and how they massively affect 
the overall performance of the sector. 
 
Figure 7-13: World waste disposal methods by income level and region. (Source: 
What a Waste 2.0: A Global Snapshot of Solid Waste Management to 2050 (Silpa 
Kaza et al., 2018). 
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7.8 Challenges of the municipal solid waste management in Egypt 
§ The lack of effective governance is one of the major challenges of the solid 
waste sector in Egypt as it is not well defined as many partners are involved 
including the Ministry of Environment, the Ministry of Local Development and 
the municipalities.   
“The cabinet has issued a feed-in tariff for the waste and some activities, 
but still the governance of this sector (solid waste) is not well defined” 
(Interviewee 2, the representative of the Ministry of Electricity and 
Renewable Energy). 
“A number of ministries are part of it; the Ministry of Electricity, the Ministry 
of Environment, the Ministry of Local Development if we are talking about 
solid waste and the Ministry of Housing and if we are talking about sludge 
and sanitary plants like anaerobic digestion. I think we have many 
partners, which complicates the process and the lack of governance” 
(Interviewee 2, the representative of the Ministry of Electricity and 
Renewable Energy). 
“The potential of organic waste is limited. The potential of 1000 megawatt 
compared to other resources, lack of governance of the sector, which is 
complicated because many partners are involved and the cost is still high” 
(Interviewee 2, the representative of the Ministry of Electricity and 
Renewable Energy). 
§ The lack of an integrated sustainable waste management system and 
appropriate infrastructure and governance for the solid waste sector. 
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“This means that first you need a proper waste management system. In 
addition, you have a problem with the disposal places that should be well 
designed where you can generate not just biogas from anaerobic 
digestion, you can also generate gas from landfills, too. So, we need a 
proper infrastructure and governance for the waste sector. It is a very 
promising source of energy. It will also solve an environmental problem 
specifically in large cities like Cairo and Alexandria in the country” 
(Interviewee 2, the representative of the Ministry of Electricity and 
Renewable Energy). 
§ The government does not have full control of the solid waste sector in Egypt. 
This is due to the involvement of many sectors in the solid waste management 
(collection, recycling and disposal) that includes the formal sector (such as the 
councils (municipals), non-governmental organizations NGOs and the private 
companies) and the informal sector (such as El-Zabbaleen in Cairo 
Governorate). 
“There is a major flaw in the waste management system in Egypt and we 
do not have full control on it. A large percentage of our waste is collected 
by El-Zabbaleen (informal sector) and transferred to El- Mokkatam where 
they live, sort, recycle, reuse and sell the waste” (Interviewee 1, the 
representative of the Ministry of the Environment). 
§ The government failed to integrate the informal and formal sectors to produce 
better outcomes on solid waste in Egypt. This failure is largely due to 
resistance from the informal sector because waste collection is often its only 
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source of income, which it does not want to share with other sectors or the 
government. 
“It (informal sector, Zabbaleen) is a closed community. There were many 
attempts to integrate the informal sector with the formal sector to form an 
effective and powerful waste management system, but they were 
unsuccessful. Some of them create small companies and work as 
subcontractors for bigger companies or with foreign companies. Others 
make direct deals with small neighbourhoods to collect the solid waste” 
(Interviewee 1, the representative of the Ministry of the Environment). 
§ The lack of reliable data to identify the actual quantities of the generated solid 
waste for better management.  
“However, there is a large number of the informal sector not included within 
the waste management system and this has a negative impact on the 
system. As long as we do not have full control on the system, we will never 
have accurate data for the quantities of the solid waste” (Interviewee 1, the 
representative of the Ministry of the Environment). 
§ The lack of financial resources to develop an adequate integrated sustainable 
waste management system as there is a wide gap in the cost of solid waste 
collection and the actual cost to develop a sustainable solid waste 
management system. The existing waste collection fees do not meet the 
required finances for developing a sustainable waste management system. 
“For the economic aspect, for example, we have a problem in the waste 
collection cost we did not decide yet whether the residents or the recycling 
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companies would pay it. Nowadays, the cost of the waste collection is 
added to the electricity bills and it is from 4 to 10 Egyptian Pounds, but the 
actual cost is 24 Egyptian Pounds. This problem is not properly managed” 
(Interviewee 1, the representative of the Ministry of the Environment). 
§ Existing recycling factories do not properly recycle solid waste. Rather, they 
just split organic waste from other types of waste. The informal sector has 
primitive technologies to recycle cans, plastics, glass and cardboard and none 
of these stages is monitored or controlled by public bodies. 
“No, all our recycling factories, we call them recycling, but actually they 
split organic waste from other types of waste. Then they use organic waste 
as compost and windrows in most of the governorates” (Interviewee 1, the 
representative of the Ministry of the Environment). 
“In Manshiyat Nasr and Esbat El Nakhel (informal areas) 50% of the 
projects there are primitive projects such as cans and cardboard 
compactors, and paper recycling factories (very small factories). In 
addition, they export some types of non-organic waste to China” 
(Interviewee 3, the representative of the Public Authority for Cleaning and 
Beautification of Cairo Governorate). 
“The informal sector has primitive equipment to crush glass and plastics 
then sell it to other recycling plants or factories” (Interviewee 3, the 
representative of the Public Authority for Cleaning and Beautification of 
Cairo Governorate). 
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§ The stages of the recycling process are not monitored that have a massive 
impact on the environment and public health. 
“We do not have a national system to monitor the recycling and the reuse 
stages, but we have pilot projects” (Interviewee 1, the representative of the 
Ministry of the Environment). 
§ Organic waste, that represents 56% of the solid waste in Egypt, is causing 
massive environmental problems as most of the recycling companies refuse 
to take organic waste and prefer other types of recyclable waste. Only 30%-
40% of organic waste is recycled and the rest are openly dumped. The informal 
sector was interested in collecting organic waste to feed pigs, but the 
government ordered the slaughter of all these pigs after the spread of the 
swine flu. In recent few years, the informal sector started to raise pigs illegally, 
though few than before swine flu. 
“We always have a problem in organic waste. Most of the recycling 
companies refuse to collect organic waste, but they collect other types of 
recyclable waste (cans, glass, and cardboard). Organic waste is the 
milestone of the waste management system because organic waste in 
Egypt should be collected on daily basis due to the high temperature that 
increases the growth of bacteria, if organic waste was left without 
collection, it will have a major effect on the environment and the spread of 
diseases. We need a daily transportation system to collect organic waste, 
but for other types of waste for example; cans they can be collected once 
a week they will not cause any problems” (Interviewee 1, the 
representative of the Ministry of the Environment). 
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“No, this is the illegal way to get rid of organic waste, we have other formal 
ways “we dump it” we do not use it at all. We only recycle 30% to 40% 
maximum of our organic waste” (Interviewee 1, the representative of the 
Ministry of the Environment). 
“Yes, the garbage collectors (scavengers) who collect the garbage from 
the residential units are interested in the non-organic waste because they 
sell it, but for organic waste no one is interested in it” (Interviewee 3, the 
representative of the Public Authority for Cleaning and Beautification of 
Cairo Governorate).  
“For organic waste, the garbage collectors (Zabbaleen) used organic 
waste to feed pigs, but the government ordered to slaughter all the pigs 
due to the swine flu. So, they used to take both organic and the non-
organic waste, but nowadays, organic waste became a burden no one 
wants it” (Interviewee 3, the representative of the Public Authority for 
Cleaning and Beautification of Cairo Governorate). 
While there are some pilot projects to produce biogas from organic waste in 
Egypt, the lack of maintenance and knowledge of operating such projects 
prevent their expansion and the lack of a proper waste management system 
to ensure the daily collection of organic waste. Moreover, the lack of financing 
and land availability specifically in high-density settlements hinders the 
development of anaerobic digestion projects. The representative of the 
Ministry of Environment clarified that anaerobic digestion projects might be 
more suitable in rural areas where land is available. However, he suggested 
that the government could build anaerobic digesters near to existing landfills 
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in high-density urban settlements as the solid waste is already transferred 
there, and it would be easy to sort organic waste from other types of waste 
and use it to produce biogas.  
“Although most of those projects are successful, they are not widely 
spread. Even the existing pilot projects stop working due to the lack of 
maintenance and knowledge to operate such projects” (Interviewee 1, the 
representative of the Ministry of the Environment). 
“The problem is the price of the electricity. The government subsidizes the 
electricity, so the price of the electricity is always less than the other 
alternatives. When the government removes the subsidies- (it actually 
started to remove the subsidies gradually), the price of the electricity will 
increase and will be higher than other alternatives” (Interviewee 1, the 
representative of the Ministry of the Environment). 
“There are many offers presented by companies, these projects 
(anaerobic digesters) depend on the availability of land and financing” 
(Interviewee 1, the representative of the Ministry of the Environment). 
“I think biogas will be better and beneficial for rural areas. It will be difficult 
to build digesters in Cairo due to the high-density” (Interviewee 1, the 
representative of the Ministry of the Environment). 
“Alternatively, we can build the digesters beside the existing landfills; the 
waste is already transferred there so we can get rid of organic waste by 
building anaerobic digesters or any other suitable technology” (Interviewee 
1, the representative of the Ministry of the Environment). 
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  The above data indicates that there is huge potential to maximize the use 
of organic waste in Egypt in both urban and rural settlements to produce biogas. 
Despite, the barriers to the implementation of waste-to-energy technologies 
presented above, specifically upgrading organic waste to produce energy, the 
amount of renewable energy that could be produced is worth removing these 
barriers. Moreover, the drivers of upgrading organic waste is not only to produce 
energy but ensuring the daily collection and the treatment of organic waste. This 
is also important to reduce the environmental impacts of organic waste if left 
without treatment as it emits methane (CH4) that is worse than the carbon dioxide 
(CO2) emissions as 1 ton of methane is equivalent to 25 tons of carbon dioxide 
(Eurostat, 2020). Furthermore, transforming organic waste from a burden that no 
one is interested in, to a secondary resource (to produce biogas that is a 
renewable source of energy) that has a value, could increase the financial 
resources of the solid waste sector in Egypt and enable the government to 
establish an integrated sustainable solid waste management system. But the 
governance of the solid waste sector should be defined, and the institutional 
setup should be improved before establishing a solid waste management system. 
Measuring the actual quantities of the generated solid waste is essential to 
provide better collection services, to upgrade this secondary resource and 
maximize its uses and improve the environmental and health conditions.  
  Additionally, the above data shows that the informal sector plays an 
important role in the waste management sector and there were many 
unsuccessful attempts to integrate the informal sector within the formal waste 
management system. Despite these unsuccessful attempts, it is essential to 
integrate the informal sector within the formal framework of the waste 
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management sector to enable the government to better coordinate the actions of 
the sector. This would improve the government’s strategy and planning for 
establishing an integrated sustainable waste management system. This 
integration could be achieved by explaining the advantages of being part of the 
formal framework of the waste management system (such as better working and 
living conditions, transforming the informal economy and illegal practices into 
formal and legal practices, which secure a better future). 
7.9 Municipal solid waste in Cairo Governorate 
7.9.1 Pre-privatization of the municipal solid waste sector in Cairo 
Governorate 
The Public Authority for Cleaning and Beautification of Cairo Governorate was 
established in 1983. At that time, there were 16 neighbourhoods in Cairo 
Governorate which generated approximately 6000 tonnes of solid waste per day. 
The Cleaning Authority was responsible for the waste collection of Cairo 
Governorate. The representative of the Public Authority for Cleaning and 
Beautification of Cairo Governorate (Interviewee 3) described the waste 
management system during that time as “an integrated system” that included 
waste collection, recycling and disposal, in addition to street sweeping.  
  The Cleaning Authority used to deal directly with the garbage collectors 
(scavengers) to provide a door-to-door waste collection service for the residents 
of Cairo Governorate. The Cleaning Authority gave the garbage collectors 
(scavengers) coupons to collect the required fees for the waste collection service 
from the residents. The Cleaning Authority stamped these coupons for 30 
piasters per slip and the garbage collectors took 3 Egyptian pounds per slip from 
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the residents. The service covered 25% to 30% of the total number of residents. 
This was an attempt to organize the work of the garbage collectors (scavengers) 
to assign an area for each one to avoid problems between them.  
  The recycling process at that time included the separation of organic waste 
from other types of waste to produce compost. The garbage collectors 
(scavengers) took most of the non-organic waste to sell it as this was their source 
of income. This problem still exists today as the Cleaning Authority receives only 
5% of the non-organic waste and the garbage collectors take the rest. The waste 
disposal during that time was mostly openly dumped.  
“No projects have been implemented to make use of solid waste instead 
of dumping it without treatment. We only use organic waste to produce 
compost. The garbage collectors take most of the non-organic waste 
(cans, cardboard, paper and glass), they make use of it or sell it to other 
recycling factories. We receive only 5% of the non-organic waste” 
(Interviewee 3, the representative of the Public Authority for Cleaning and 
Beautification of Cairo Governorate).  
  This shows that the main targets of the Public Authority for Cleaning and 
Beautification of Cairo Governorate was to collect the waste and keep Cairo 
Governorate clean lacking an integrated sustainable waste management system. 
Additionally, the percentage of municipal waste collection coverage was 
extremely low (25% to 30% of the total number of residents). This indicates that 
managing the solid waste sector exceeded the technical and financial capacity of 
the Public Authority for Cleaning and Beautification of Cairo Governorate. 
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7.9.2 Privatization of the municipal solid waste sector in Cairo 
Governorate 
In 1999, a decision was made to privatize the municipal solid waste sector in 
Cairo Governorate to increase the waste collection coverage and to improve the 
performance of the waste management system. The role of the Cleaning 
Authority changed at that time. Foreign companies (Spanish and Italian) and the 
private sector were responsible for three areas in Cairo Governorate: The 
Northern, Eastern and Western regions of Cairo Governorate except El-Marg 
neighbourhood. The Cleaning Authority was responsible for the Southern region 
of Cairo Governorate and El-Marg, which is an informal area. Based on the 
contracts with foreign companies were responsible for the solid waste 
management in the three regions of Cairo Governorate (Northern, Eastern and 
Western).  
  The system included door-to-door waste collection from residential units, 
transfer of the collected waste to intermediate handling stations and from the 
handling stations to the recycling factories than to the final disposal areas. These 
companies also dealt with garbage collectors (scavengers), but this system was 
changed when the companies placed large containers in the streets. The garbage 
collectors (scavengers) were responsible to collect the waste from the residential 
units to the containers then the companies collected these containers. The 
representative of the Public Authority for Cleaning and Beautification of Cairo 
Governorate (interviewee 3) thought that the companies paid the garbage 
collectors (scavengers) less money compared to the amount of money that the 
Cleaning Authority used to pay. This could be one of the major reasons for the 
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failure of integrating the informal sector in the municipal solid waste management 
system. 
  In addition, the government established the “Contract Control Unit” to 
monitor the performance and the quality of the service provided by foreign 
companies, revise the contracts and apply fines whenever required. This unit was 
under the supervision of the Cleaning Authority. However, the representative of 
the Public Authority for Cleaning and Beautification of Cairo Governorate 
(interviewee 3) mentioned that the Cleaning Authority was working “hand in hand” 
with foreign companies for 15 years during the duration of the contract, allowing 
the foreign companies to provide an inadequate level of service.  
 The representative of the Public Authority for Cleaning and Beautification 
of Cairo Governorate (Interviewee 3) explained that there were two companies: 
a Spanish company and an Italian company. Based on the contracts, the 
companies were responsible to collect all the generated waste, even for the new 
urban expansions. The companies collected a certain amount of waste and left 
whatever exceeded that amount. They said that the contracts include action plans 
that they must abide by. Interviewee 3 denounced how the government approved 
these contracts. 
“I do not know how these contracts were approved!” (Interviewee 3, the 
representative of the Public Authority for Cleaning and Beautification of 
Cairo Governorate).  
  The overall performance of the foreign companies and the participation of 
the private sector in the municipal solid waste management was “less than 
adequate” (SWEEP-Net, 2014). This was due to various reasons, starting with 
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the Government’s lack of experience related to the technical specifications 
required for such contracts and bidding procedures. This led to weak contracts in 
terms of technical, commercial and legislation aspects. Furthermore, the foreign 
companies failed to integrate the informal sector within the waste management 
system. This led to unsuccessful implementation and failures in the solid waste 
sector. In addition, the deficiencies in the contracts were compounded by the 
failure of the government to include provisions for re-negotiating the contracts or 
to include sanctions for failure to meet specified standards. 
7.9.3 The current situation of the municipal solid waste sector in Cairo 
Governorate 
The contracts of these foreign companies have expired, and they have withdrawn 
from 12 of Cairo Governorate’s 28 neighbourhoods, replaced by the Public 
Authority of Cleaning and Beautification. The representative of the latter 
organization (Interviewee 3) noted that the authority was prepared to replace 
foreign companies by increasing the number of labours, drivers and the required 
equipment.  
“After the foreign companies left, it is our responsibility (The Cleaning 
Authority) to find solutions for these problems. We are trying to provide the 
new and suitable equipment, training and raising the efficiency of the 
labours and drivers. Moreover, we are focusing now to replace the foreign 
companies without causing any drop to the existing situation. This 
transformation requires a lot of investments” (Interviewee 3, the 
representative of the Public Authority for Cleaning and Beautification of 
Cairo Governorate).  
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“Yes, we are aiming to provide better or higher level of service. We 
developed a new waste management plan for the neighbourhoods, which 
the foreign companies left. We bought new equipment and provided an 
adequate number of labours” (Interviewee 3, the representative of the 
Public Authority for Cleaning and Beautification of Cairo Governorate).  
However, he described the responsibility of the municipal solid waste sector as a 
“burden”, due to the following reasons:  
§ The solid waste sector exceeds the technical and financial capacity of the 
cleaning authority.  
“As a Cleaning Authority we do not have time to think. The most important 
thing for us is to collect the generated waste every day and keep the 
streets clean. Waste collection is a huge responsibility, it should include 
other sectors to distribute the load” (Interviewee 3, the representative of 
the Public Authority for Cleaning and Beautification of Cairo Governorate). 
“The waste management system requires huge investments that exceeds 
the budget of the Cleaning Authority as it is not an independent ministry” 
(Interviewee 3, the representative of the Public Authority for Cleaning and 
Beautification of Cairo Governorate).  
§ Public behaviour is considered one of the major challenges for the cleaning 
authority as the public throws garbage at any time during the day without 
respecting the specific dates of waste collection. With 10 million inhabitants of 
Cairo Governorate, behaviour change is an important part of any future 
strategy for successful waste management.  
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“Residents throw the garbage at any time during the day. To avoid a crisis 
in Cairo, the Cleaning Authority has to collect the garbage every day. If we 
leave it without collection for one or two days, it will cause serious 
problems” (Interviewee 3, the representative of the Public Authority for 
Cleaning and Beautification of Cairo Governorate).  
“We tell the residents that we will collect the garbage every other day 
instead of every day. There are more than 4 million residential units in 
Cairo Governorate, which capacity can provide a daily collection!” 
(Interviewee 3, the representative of the Public Authority for Cleaning and 
Beautification of Cairo Governorate).  
“Where are the garbage collectors (scavengers) that can collect all this 
amount of waste from 4 million residential units? That is impossible!” 
(Interviewee 3, the representative of the Public Authority for Cleaning and 
Beautification of Cairo Governorate).  
“Therefore, we decided that the collection would be every other day, but 
public behaviour is challenging” (Interviewee 3, the representative of the 
Public Authority for Cleaning and Beautification of Cairo Governorate).  
“Now, we have to sweep the streets twice or thrice a day, one is not 
enough due to public behaviour. People throw anything in the streets all 
the time” (Interviewee 3, the representative of the Public Authority for 
Cleaning and Beautification of Cairo Governorate).  
“We sweep the streets early in the morning, but university and school 
students’ litter on their way back during the afternoon. So, we need to 
sweep the streets once more. This behaviour is not accepted from the 
students. Continuous public awareness campaigns are required” 
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(Interviewee 3, the representative of the Public Authority for Cleaning and 
Beautification of Cairo Governorate).  
The behaviour of Cairo Governorate’s inhabitants requires developing a 
schedule for waste collection and the government should strictly enforce the 
law and apply penalties on lawbreakers. However, this would not be achieved 
without improving the governance of the solid waste sector and establishing 
an integrated sustainable waste management system, both are still under 
development. In addition, increasing public participation and awareness 
campaigns to increase the sense of responsibility and draw attention to the 
consequences of this behaviour such as the environmental impacts and health 
problems.  
§ The Public Authority for Cleaning and Beautification of Cairo Governorate has 
three recycling sites. The first site is on 15th of May11 and it receives 1600 
tonnes/day of solid waste. The second site is in El-Kattamya and it receives 
640 tonnes/day of solid waste. The third site is in El- Salam and it receives 260 
tonnes/day of solid waste. The total quantity of the three sites is around 2500 
tonnes/day. This shows that the recycling sites receive only 14.7% of the total 
generated solid waste (17000 tonnes/day). The representative of the Public 
Authority for Cleaning and Beautification of Cairo Governorate (Interviewee 3) 
also clarified that the collection coverage is less than 100%. Additionally, the 
main purpose of the recycling sites is to split organic waste from the non-
organic waste to produce compost and RDF (Refused Derived Fuel) from the 
rejected waste only without any further treatment.  
 
11 (15th of May) is the name of a city located in Cairo Governorate. 
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“Actually, we (The Public Authority for Cleaning and Beautification of Cairo 
Governorate) do not collect the 17000 tonnes of solid waste that are 
generated every day. The 17000 tonnes include all types of waste” 
(Interviewee 3, the representative of the Public Authority for Cleaning and 
Beautification of Cairo Governorate).  
“In the Cleaning Authority recycling plants, we produce compost from 
organic waste and the rejected waste is used to produce RDF. Then the 
cement factories use it as a fuel instead of the oil for the cement burners 
(or kilns)” (Interviewee 3, the representative of the Public Authority for 
Cleaning and Beautification of Cairo Governorate).  
This indicates that the technical and financial capacity of the Public Authority 
for Cleaning and Beautification of Cairo Governorate is insufficient to provide 
an adequate waste management service and a sustainable treatment for the 
generated waste. Future restructuring of the waste section should consider 
redistributing responsibility of waste management and encouraging the 
participation of the private sector. It is also important to improve the terms and 
conditions of the waste management contracts based on the previous 
experience with the foreign companies (private sector) to avoid any failures in 
the future. Contracts should be with clear targets, proper monitoring systems, 
and sanctions (including immediate termination or financial penalties) for 
failure to keep to agreements. 
§ There are seven dumpsites in Cairo Governorate. The representative of the 
Public Authority for Cleaning and Beautification of Cairo Governorate 
explained that each site has its own characteristics; one or two sites are 
authorized landfills and the rest are dumpsites. These sites have been there 
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for more than 50 years, and, due to urbanization, they are now located within 
the boundaries of Cairo Governorate and have an impact on environmental 
quality and public health. Interviewee 3 clarified that the government could not 
relocate these sites for the last 15 years before the contracts of the foreign 
companies expired. Part of the government’s plan after the foreign companies 
leave is to close all the existing dumpsites and provide new sustainable 
landfills based on the Egyptian National Solid Waste Management 
Programme. This is considered a massive challenge for the Public Authority 
for Cleaning and Beautification of Cairo Governorate, closing and relocating 
the existing dumpsites is a huge responsibility that exceeds the capacity of the 
cleaning authority that could not be achieved without the participation of other 
sectors.  
“There are seven dumpsites in Cairo Governorate. These sites are in 15th 
of May, El- Wafaa and El-Amel, Shaq El-Teaban, El-Nahda, El-Katamaya 
and Helwan. One or two sites of them are authorized landfills. Part of the 
El-Wafaa and El- Amel site, around 100 feddan are manged by FCC 
Company. Although, this part is an authorized landfill, the released gas is 
not collected, so it produces an unpleasant smell. The 15th of May site is 
an authorized landfill. El-Katamaya site is a controlled dumpsite, but it is 
not a proper landfill” (Interviewee 3, the representative of the Public 
Authority for Cleaning and Beautification of Cairo Governorate).  
“These sites have been there for more than 50 years. 50 years ago, the 
urban mass was far away from these dumpsites, but due to urbanization 
they became closer. Urban planners should consider the existing 
dumpsites and the landfills before the urban expansions” (Interviewee 3, 
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the representative of the Public Authority for Cleaning and Beautification 
of Cairo Governorate).  
“Due to the contracts with the foreign companies in the last 15 years the 
contracts’ duration we could not relocate these sites. We did not want to 
change the contracts to avoid problems. After the foreign companies 
leave, all these sites will be relocated. The government will close these 
sites and will provide new sustainable landfills based on the solid waste 
management strategy. So, the new landfills will be part of the Egyptian 
National Solid Waste Management Programme” (Interviewee 3, the 
representative of the Public Authority for Cleaning and Beautification of 
Cairo Governorate).  
One of these dumpsites that are located within the boundaries of Cairo 
Governorate is shown in Figures (7-14 to 7-17). These Figures explain the 
huge challenges of relocating these dumpsites outside the boundaries of Cairo 
Governorate. This requires the participation of many sectors to relocate these 
dumpsites and to provide alternative sustainable landfills. 
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Figure 7-14: A dumpsite located within the boundaries of Cairo Governorate 
(Source: author’s site visits). 
 
Figure 7-15: A dumpsite located within the boundaries of Cairo Governorate 
(Source: author’s site visits). 
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Figure 7-16: A dumpsite located within the boundaries of Cairo Governorate 
(Source: author’s site visits). 
 
Figure 7-17: A dumpsite located within the boundaries of Cairo Governorate 
(Source: author’s site visits). 
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§ The Public Authority for Cleaning and Beautification of Cairo Governorate is 
facing another challenge: providing intermediate handling stations in most of 
Cairo Governorate’s neighbourhoods, due to the high density and the shortage 
of land. The main purpose of these stations is to enable waste collectors 
(scavengers) to collect waste from the residential units and transfer it to these 
intermediate handling stations using small vehicles, and this enables them to 
do more trips using less fuel. Large trucks then transfer the waste from the 
intermediate handling stations to dumpsites or landfills. This is an example of 
the challenges that faces the Public Authority for Cleaning and Beautification 
in Cairo Governorate. Although, the cleaning authority is trying to improve the 
waste management system (specifically the efficiency of the collection system) 
within the limited capacity of the authority, there are challenges related to the 
characteristics of the urban settlements (related to the high density and the 
availability of land to provide intermediate handling stations) that hinders their 
efforts to improve the waste management system (Figures 7-18 to 7-20 show 
the challenges that are related to the characteristics of the urban settlements).  
“The intermediate handling stations, in Cairo Governorate, we wanted to 
provide intermediate handling stations in the neighbourhoods. We wanted 
the waste collectors (scavengers) to use small waste vehicles to collect 
the waste for the residential units and transfer it the intermediate handling 
stations. Then the large waste trucks with bigger capacity transfer the 
waste from the intermediate handling stations to the dumpsites or the 
landfills. The waste collectors (scavengers) will be able to make several 
trips within a residential area. In addition, it will reduce the fuel used to 
transfer the waste by small vehicles that have limited capacity to the 
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dumpsites and landfills, which could be far from the residential areas. We 
found out that it was very difficult to provide intermediate handling stations 
within the neighbourhoods of Cairo Governorate” (Interviewee 3, the 
representative of the Public Authority for Cleaning and Beautification of 
Cairo Governorate).  
 
Figure 7-18: An example of a high-density settlement located in the centre of 
Cairo Governorate. This photo shows the difficulty of providing intermediate 
handling stations to improve the solid waste collection process due to the lack of 
land (Source: author’s site visits). 
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Figure 7-19: This is an example of an informal settlement in Cairo Governorate. 
This photo shows the difficulty of accessing (by vehicles) these settlements to 
provide waste collection services (Source: author’s site visits). 
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Figure 7-20: This is another example of an informal settlement in Cairo 
Governorate. This photo shows the difficulty of accessing (by vehicles) these 
settlements to provide waste collection services (Source: author’s site visits). 
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§ As noted above, the failure to properly coordinate the actions of the informal 
sector is a major challenge to the waste management system in Cairo 
Governorate. The representative of the Public Authority for Cleaning and 
Beautification of Cairo Governorate outlined that the informal sector is behind 
the failure of many projects, which disrupts the development of the waste 
management sector. 
“There were several trails, but they all failed. We proposed a new project 
in Cairo Governorate. We distributed some kiosks to buy cans, paper, 
plastics, glass and cardboard. The garbage collectors (scavengers) were 
behind the failure of this project. They do not want to share their source of 
income with anyone” (Interviewee 3, the representative of the Public 
Authority for Cleaning and Beautification of Cairo Governorate). 
         The challenges that are presented above are part of the challenges of the 
waste management sector in Cairo Governorate. Some of these challenges are 
due to the characteristics of Cairo Governorate, while other challenges are due 
to the limited capacity - institutional, financial and technical - of the Public 
Authority of the Cleaning and Beautification of Cairo Governorate. 
         Despite these challenges, the representative of the Public Authority for 
Cleaning and Beautification of Cairo Governorate (Interviewee 3) clarified that 
the aim of the cleaning authority during this stage is to provide a comparable level 
of service to that provided by the foreign companies, although the percentage of 
the waste collection coverage was not 100%. He explained that they are trying to 
maintain the existing level of service in Cairo Governorate with the limited 
capacity of the cleaning authority and they do not want the situation to get worse. 
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This is a temporary solution until the government establishes a holding company 
for waste management as there are many attempts, but unfortunately, no actions 
have been taken yet. However, the Ministry of Environment established a new 
department for waste management that receives funds from the GIZ. The Waste 
Management department is currently working closely with the GIZ to prepare the 
“Egyptian National Solid Waste Management Programme.” It is responsible to 
prepare an integrated waste management strategy for Egypt that includes all the 
governorates. 
         The representative of the Public Authority for Cleaning and Beautification 
of Cairo Governorate (Interviewee 3) has been working in the waste management 
sector for more than 50 years and he explained that the Ministry of Environment 
was not involved in the waste management sector during that time (the Ministry 
of Environment was only established in 1997). Moreover, the Ministry of 
Environment was not involved when the government was signing the contracts 
with foreign companies, although it had been established by that time. This 
indicates that the Ministry of Environment will be taking over the responsibility of 
the waste management sector without having the practical experience and the 
required understanding of the major challenges and the day-to-day challenges of 
managing this sector. Additionally, the Ministry of Environment is not an 
implementing entity, accordingly, this will limit its role in achieving the objectives 
of the strategy. 
“The Ministry of Environment might act as a champion, but it is not an 
implementing entity” (Interviewee 2, the representative of the Ministry of 
Electricity and Renewable Energy). 
 341 
Despite the efforts of the Public Authority for Cleaning and Beautification 
of Cairo Governorate to maintain the existing situation of the solid waste sector 
in Cairo, the overall performance is less than adequate. The Cleaning Authority 
is facing huge challenges that exceed its capacity. The situation is deteriorating 
and solid waste generation is increasing rapidly causing massive environmental 
impacts. This was concluded from the site visits that were part of this research 
as the low rates of waste collection is a common problem in all types of 
settlements, but it is worse in informal settlements. The site visits included 
settlements of different densities (low, medium, and high-density), formal and 
informal settlements in Cairo Governorate, and near the ring road in 2018. The 
low rates of waste collection force the inhabitants to throw the solid waste illegally 
in the streets because of the lack of alternatives. This is a common behaviour all 
over Cairo Governorate (Figures 7-21 to 7-40 show the piles of garbage thrown 
illegally in the streets in different areas and settlements in Cairo Governorate). 
 
Figure 7- 21: Dumped waste near the ring road in Cairo Governorate (Source: 
author’s site visits). 
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Figure 7- 22: Dumped waste near the ring road in Cairo Governorate (Source: 
author’s site visits). 
 
Figure 7- 23: Dumped waste near the ring road and an informal settlement in 
Cairo Governorate (Source: author’s site visits). 
 343 
 
Figure 7- 24: Dumped waste near the ring road and an informal settlement in 
Cairo Governorate (Source: author’s site visits). 
 
Figure 7- 25: Dumped waste near the ring road and an informal settlement in 
Cairo Governorate. This photo shows the difficulty of accessing narrow streets in 
informal settlements in order to provide waste collection services. The residents 




Figure 7- 26: A dumpsite near the ring road and an informal settlement in Cairo 
Governorate. This photo shows that residents use this area as a dumpsite, 
creating an environmental and public health hazard (Source: author’s site visits). 
 
Figure 7- 27: Dumped waste near the ring road in Cairo Governorate (Source: 
author’s site visits). 
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Figure 7- 28: Dumped waste on both sides of the ring road (Source: author’s site 
visits). 
 




Figure 7- 30: Dumped waste under a bridge in Cairo Governorate (Source: 
author’s site visits). 
 
Figure 7- 31: A dumpsite near the entrance of an informal settlement in Cairo 
Governorate (Source: author’s site visits). 
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Figure 7- 32: Dumped waste near the entrance of an informal settlement in Cairo 
Governorate or the residents consider it as a dumpsite to get rid of the garbage 
(Source: author’s site visits). 
 
Figure 7- 33: Dumped waste in a medium-density settlement in Cairo 
Governorate. This photo shows that residents use this area as a dumpsite due to 
the low rates of waste collection (Source: author’s site visits). 
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Figure 7- 34: Dumped waste in a medium-density settlement in Cairo 
Governorate. This photo shows that residents throw waste in the streets due to 
the low rates of waste collection (Source: author’s site visits). 
 
Figure 7- 35: Dumped waste in a medium-density settlement in Cairo 
Governorate. This photo shows that residents throw waste in the streets due to 
the low rates of waste collection (Source: author’s site visits). 
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Figure 7- 36: Dumped waste in a low-density settlement located in a new satellite 
city, the New Cairo. This photo shows that residents throw waste in the streets 
due to the low rates of waste collection (Source: author’s site visits). 
 
Figure 7- 37: A dumpsite in a low-density settlement located in a new satellite 
city, the New Cairo. This photo shows that residents use this area as a dumpsite 
due to the low rates of waste collection and the quantity of the garbage exceeds 
the capacity of the available containers (Source: author’s site visits). 
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Figure 7-38: A dumpsite in a low-density settlement located in a new satellite city, 
the New Cairo. This photo shows that residents use this area as a dumpsite due 
to the low rates of waste collection and the quantity of the garbage exceeds the 
capacity of the available containers (Source: author’s site visits). 
 
Figure 7- 39: Dumped waste in a low-density settlement located in a new satellite 
city, the New Cairo. This photo shows that residents use this area as a dumpsite 
due to the low rates of waste collection and the quantity of the garbage exceeds 
the capacity of the available containers (Source: author’s site visits). 
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Figure 7- 40: Dumped waste in a low-density settlement located in a new satellite 
city, the New Cairo. This photo shows that residents use this area as a dumpsite 
due to the low rates of waste collection and the quantity of the garbage exceeds 
the capacity of the available containers (Source: author’s site visits). 
7.10 Conclusion: 
This chapter presented the current and future projections of the municipal solid 
waste sector in Cairo, Giza and Qalyubia Governorates and Egypt. The solid 
waste sector is creating considerable challenges for the government of Egypt. 
The major challenges of the solid waste sector in Egypt are:  
§ Solid waste generation is rapidly increasing, particularly in Cairo Governorate, 
due to rapid population growth and urbanization. It is also projected that solid 
waste generation will increase in Giza Governorate due to high rates of 
average annual population growth.  
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§ The governance and institutional framework for the solid waste sector in Egypt 
is not well defined due to the involvement of many partners. 
§ The lack of a proper waste management system that includes source 
separation, collection, recycling and reusing, and sustainable landfills. 
§ The government is unable to properly coordinate the solid waste sector due to 
the involvement of many sectors in solid waste management (collection, 
recycling and disposal) that includes the formal sector (such as the councils, 
non-governmental organizations, and the private companies) and the informal 
sector (such as El-Zabbaleen in Cairo Governorate). 
§ The lack of reliable data for the generated solid waste, and the inconsistency 
of data collection methods. This includes the official statistics. 
§ Public attitudes and behaviour towards waste disposal.  
§ The difficulty of accessing the informal and high-density settlements to provide 
waste collection services, such as in Cairo Governorate’s informal settlements.  
§ The financial and technical challenges of the solid waste sector exceed the 




8 Chapter Eight: Discussion 
8.1 Introduction 
This chapter summarises the findings of the study and how the research aim, 
objectives and questions are addressed. It discusses the potential and limitations 
of employing the urban metabolism framework and the customized tool to gain a 
better understanding of the characteristics of Cairo Governorate, drivers and 
barriers to sustainable resource management. The chapter evaluates the 
potential of measuring and understanding the complex interconnections of the 
flow of resources of cities to enhance the efficient use of local resources, reduce 
resources importation from the surrounding environment and reduce the 
environmental impacts of existing flows. Finally, it clarifies the limitations of the 
study, largely the lack of accurate and reliable data that affected the study’s 
findings, such as data of primary resources at the city level and secondary 
resources (such as solid waste and wastewater).  
8.2 Employing the urban metabolism framework to understand the flow of 
resources in Cairo Governorate 
Holistic approaches are required to address sustainability challenges and up-to-
date none of the existing frameworks provide an ultimate solution to address 
these challenges including the urban metabolism framework (see Chapter 2). 
Each framework or approach has its advantages and disadvantages and is used 
for a specific purpose based on the scope of study and influenced by the 
researcher’s field of study or expertise. However, several authors from different 
disciplines highlighted that the analysis of urban metabolism is an important step 
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towards sustainable urban development and resource management (Kennedy 
and Hoornweg, 2012; Kennedy et al., 2014; Pincetl and Bunje, 2009).  
 As previously mentioned in Chapter 2 (section 2.3.4), urban metabolism is 
a metaphor derived from industrial ecology (Ferrão and Fernández, 2013) that 
developed and became a well-established framework in existing literature 
(Céspedes Restrepo and Morales-Pinzón, 2018; Kennedy et al., 2014). The 
urban metabolism provides a variety of methods, tools and metrics to understand 
and examine the metabolism of urban systems (John et al., 2019), and it also 
assesses the level of circularity of resource streams to identify deficiencies in 
urban systems and opportunities for sustainable improvement (Ferrão and 
Fernández, 2013). The urban metabolism analysis provides the basic information 
required to conduct ecological footprint assessment (Pincetl and Bunje, 2009), 
for circular economy implementation (Kalmykova et al., 2018; Kalmykova and 
Rosado, 2015; Williams 2019) and for nexus approaches (Hülsmann et al., 2019) 
(see Chapter 2, section 2.3.4). Furthermore, the urban metabolism framework 
enables researchers to understand the conditions that created sustainability 
challenges in urban areas. Jerneck et al. (2010) suggested that understanding 
these conditions is key for shifting research from problem identification to 
problem-solving research in sustainability science (see Chapter 2, section 2.3.1).  
 Therefore, this study employed the urban metabolism framework to 
explore the challenges of resource management in Cairo Governorate as a first 
step to understand causes of urban sustainability challenges (such as water 
scarcity, environmental degradation, inadequate urban services and natural 
resources shortage). This study is considered a contribution to the field of 
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sustainability science as it employs a holistic approach to identify complex issues 
regarding resource management and suggests opportunities for sustainable 
development improvement based on scientific evidence. Additionally, this study 
contributes to urban metabolism studies as existing literature shows a huge gap 
for such studies in the Global South (see Chapter 2). It also customizes an urban 
metabolism tool to overcome the limitations of conducting urban metabolism 
studies in developing countries (see Chapter 2) and tests its applicability in this 
context. 
 Employing the urban metabolism framework and testing an existing urban 
metabolism tool, the multi-layered indicator set that was developed by Kennedy 
et al. (2014) in this study, enabled me to better understand the key challenges of 
resource management in Cairo Governorate, an example of a rapidly urbanizing 
city in the Global South. The existing multi-layered indicator set was customized 
in this study to fit in the context of Cairo Governorate (see Chapter 3, section 
3.2.2). Although Kennedy et al. (2014) used the multi-layered indicator set to 
explore the flow of materials of the world’s megacities and the Greater Cairo 
Region was included, Kennedy et al. (2015) mentioned that some of the data of 
the Greater Cairo Region were unavailable. This study focused on Cairo 
Governorate rather than the Greater Cairo Region because it is difficult to identify 
the exact population of megacities as their political boundaries are always 
changing (Kennedy et al., 2014). Population growth and urbanization are key 
factors in urban metabolism and help to identify evolving patterns of resource 
consumption. Assumptions were made in this study that given it is the capital city, 
the available secondary data of Cairo Governorate will be the most accurate and 
available data compared to other governorates and the Greater Cairo Region. 
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This is common in developing countries as access to basic services in urban 
areas is higher than rural areas and this has a great impact on the quantity and 
quality of the available data. 
         Cairo Governorate is considered an appropriate case study for this 
research because it is a complex case study. Cairo Governorate is the capital of 
Egypt, a developing country, which is facing massive environmental, social, 
economic and political challenges. Cairo Governorate includes different types of 
settlements: 1) planned and unplanned settlements; 2) low, medium and high-
density settlements; 3) low, middle and high-income settlements. The urban 
nature of Cairo and the variety of settlements alongside the difficulty of obtaining 
data for resources flows complicate the process of conducting urban metabolism 
studies. Identifying the challenges of resource management in Cairo Governorate 
requires an integrated approach rather than conventional urban metabolism 
accounting approaches. The findings of this study reveal that the characteristics 
of Cairo Governorate have a huge impact on its metabolism. These 
characteristics would not have been identified with focusing only on the physical 
dimensions of the flow of resources. Customizing and testing an existing urban 
metabolism tool in the complex context of Cairo could provide insightful 
information for conducting such studies in developing countries. Although the 
results and findings of a single case study do not provide the basis for 
generalization, there are common features (specifically, the lack of reliable data 
and informal settlements) in developing countries that could enable the 
replication of this study in other contexts. However, this study suggests that 
researchers should adopt the integrated tool that has been used in this study to 
fit in the specific characteristics of other case studies and to overcome the 
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limitations of this tool that have been identified (these limitations are discussed 
later in this section). Furthermore, the findings of this study shed light on the 
importance of including the unmeasurable dimensions of cities’ metabolism to 
better understand the unique characteristics of individual cities, specifically in 
developing countries. 
         To better understand the challenges of resource management in Cairo 
Governorate and its impacts on the surrounding environment, the same data was 
collected for Giza and Qalyubia Governorates to fill in the customized multi-
layered indicator set. Additionally, Cairo Governorate, the urban parts of Giza and 
Qalyubia are the constituent cities of Greater Cairo Region that are considered 
one of the largest megacities in Africa (Kennedy et al., 2015). Broto et al. (2012) 
outlined the importance of conducting comparative urban metabolism studies to 
identify deficiencies in resource management; however, in this study, the purpose 
of collecting the same data for Giza and Qalyubia Governorates was not limited 
to understand the impacts of Cairo Governorate on the surrounding environment, 
but also to broaden the understandings of the challenges of resource 
management in the constituent cities of the Greater Cairo Region. The same data 
were also collected for all Egypt to fill in the customized multi-layered indicator 
set. This was important to identify the share of resource consumption and 
production, waste generation, percentage of the population and other layers of 
information of Cairo Governorate compared to the total of the whole country. This 
provides a better understanding of the impacts of the flow of resources of Cairo 
Governorate on a larger scale. Despite that this study considered the integration 
of top-down and bottom-up approaches by gathering data of the national level 
(Egypt) and the city level (Cairo) and the surrounding governorates, the study did 
 358 
not consider bottom-up approaches to identify the metabolism of Cairo’s 38 
neighbourhoods. This is considered one of the limitations of this study because 
understanding the metabolism of these neighbourhoods is significantly important 
to improve the metabolism of Cairo Governorate. 
 Data was collected to fill in the customized multi-layered indicator set from 
2000-2001 to 2016-2017. The data was collected for more than 15 years to 
identify patterns of resource consumption and production over the years and to 
overcome the lack of accurate data in some situations. It was assumed that the 
available data on Cairo Governorate would be the most accurate data compared 
to other governorates. Surprisingly, the major challenges that were identified 
while filling in the multi-layered indicator set in this study were the lack of accurate 
data and that the methods of data collection in official statistics and published 
reports were inconsistent. For example, in some situations the data was missing, 
and in others data had to be excluded if it was inaccurate. For this reason, the 
reports for specific years were excluded and replaced by data of other years. The 
lack of reliable data is explained in depth in the empirical chapters (Chapters 4, 
5, 6 and 7 and Appendix 12) of this thesis. In general, collecting data for urban 
metabolism studies that cover a number of years is better than studies that focus 
only on one year (Hoekman and Blottnitz, 2017). This enables researchers to 
identify patterns and changes of resource consumption and production over the 
years due to population growth, urbanization, economic growth and the 
availability of resources. In addition, collecting data for urban metabolism studies 
that cover a number of years in the Global South is also important because it 
enables researchers to determine the most accurate data that they can use in 
their studies and exclude misleading data. The purpose of explaining the process 
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of data collection in detail (Chapter 3) and the criteria of including or excluding 
the available data (Appendix 12), and highlighting the errors in the published 
reports (Chapters 4, 5 ,6 and 7) were to shed light on the challenges of conducting 
urban metabolism studies in the Global South. Sharing this information is 
important to encourage more researchers to overcome the lack of reliable data 
and to use the existing and most accurate data that is available to provide a 
baseline for urban metabolism case studies, specifically for cities in the Global 
South. There is a huge gap in urban metabolism studies for cities in the Global 
South as identified in Chapter 2 and it is important to fill this gap. Furthermore, 
pilot studies on smaller scales can be conducted to obtain more accurate data for 
the flow of resources (Attia and Khalil 2015). 
         As explained above, the temporal dimension has been considered in the 
urban metabolism analysis of Cairo Governorate and the changes of 
consumption and production patterns over the years were identified in this study 
(see Chapter 8, section 8.4). Although, the spatial dimension was also considered 
in this study and it was mostly collected from secondary data and site visits (see 
Chapter 4 and Chapter 8, section 8.3), the use of the geographic information 
system (GIS) would have been more suitable to provide accurate data on land-
use changes, specifically in a rapidly urbanizing city like Cairo. These changes 
have further implications on the urban infrastructure and resources flows that 
should be considered. A recent study highlighted the importance of 
spatiotemporal dimensions for urban metabolism analysis and suggested the use 
of geographic information system (GIS) to integrate metabolic processes with 
spatiotemporal information (Tang et al., 2021). In addition, Tang et al. (2021) and 
Shahrokni et al. (2015) shed light on the effective role of technology and the 
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potential of smart-city technologies in providing real-time and high-resolution data 
for tracking resources flows in cities and providing more accurate data for urban 
metabolism studies. Despite the effective role of technology in urban metabolism 
studies, the access and use of these technologies are still limited in developing 
countries. The findings of this study show that the percentages of the population 
with access to the internet in Cairo is considered low if compared to cities in 
developed nations and should be increased in the future, specifically for the 
deployment of smart meters (see Chapter 5, Figure 5-47). 
         The original multi-layered indicator set includes four layers of qualitative 
and quantitative information (see Chapter 2, Table 2-5). This tool was developed 
to assess the flow of materials of the world’s megacities, which are located in 
developed countries and developing countries so the tool was designed to fit in 
different contexts. However, the actual implementation of this tool in Kennedy’s 
et al. (2015) study shows that some areas were excluded such as the food 
production for all megacities. The original study also shows that megacities in 
developing countries were excluded from some charts due to the lack of reliable 
data. In this study, some of these data were excluded or replaced by other data 
due to different reasons. For example, this study focused on five major sectors 
(energy, electricity, water, wastewater and solid waste) and excluded the food 
production because it was already omitted from the original study and the 
decision was also influenced by my field of study and previous experience. This 
is another limitation that should have been addressed especially that the findings 
of this study show that the water scarcity is increasing in Egypt and has a massive 
impact on food production. 
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         The original multi-layered indicator set included the building gross floor 
areas for residential, commercial and institutional buildings, but in this study, this 
data is unavailable so it is replaced by the number of buildings. The total number 
of buildings might not be important as the building gross floor areas because the 
latter could identify, for example, the energy required for heating or cooling and 
the construction materials. However, one of the objectives of this study is to 
highlight the importance of the missing data that could be considered in the future 
by the Central Agency for Public Mobilization and Statistics or researchers. The 
unemployment rate was not included in the original multi-layered indicator set. In 
this study, the unemployment rates for Cairo, Giza and Qalyubia Governorates 
and Egypt are included. The unemployment rate is an important indicator of 
resource management. It shows the job opportunities that could be provided, for 
example, from the development of renewable energy projects and the 
establishment of an integrated sustainable waste management system. 
         Layer 4 in the original multi-layered indicator set mainly focuses on the 
role of utilities. In this study, data for Layer 4 was collected by conducting semi-
structured interviews with members from local authorities to better understand 
the role of utilities and the quality of services. Access to basic services and 
access to the internet and mobile phones were collected from secondary data 
(see Chapter 5, Figures 5-46 and 5-47). Kennedy’s et al. (2014) indicator set 
included other areas such as the number of buildings with photovoltaic panels 
(PV), number of electric vehicles and number of electric vehicle charging points. 
These areas are important for developed nations, but for developing countries, 
they are still in the very early stages of the development of such technologies so 
these data were excluded from this study. 
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In this study, conducting semi-structured interviews with representatives 
from public authorities and site visits to different settlements in Cairo Governorate 
(low, medium and high-density settlements including formal and informal 
settlements) transformed the original tool into an urban metabolism multi-
dimensional tool. This transformation enabled an in-depth understanding of the 
unique characteristics and challenges of resource management in Cairo 
Governorate, particularly the intangible dimensions of resource flows that would 
not have been identified by relying on quantitative data alone. This study included 
only four interviews due to the difficulty of accessing decision-makers. None of 
the interviewees responded to my invitation emails to participate in this study and 
I had to rely entirely on finding direct connections to reach them. The initial target 
was to invite more interviewees to assess and compare their responses to 
provide more accurate and reliable data. However, the four interviews were 
conducted with high-level key stakeholders; they all come from an academic 
background (they are all PhD holders and university professors apart from the 
representative of the Public Authority for Cleaning and Beautification of Cairo 
Governorate), which made their responses based on scientific information. The 
data that they have provided was based on their practical experience in public 
authorities and their academic experience. The average experience of the 
interviewees is between 30 to 40 years, which makes them experts in their fields. 
Despite that the data that they have provided included many topics guided by 
open-ended questions (such as the government’s strategies, initiatives and 
targets, governance, social and economic aspects, technical and institutional 
capacities, and human behaviour), the political context was rarely discussed. The 
political situation largely affects the metabolism of cities and the findings of this 
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study (mainly from quantitative data) show that the Egyptian revolution in 2011 
had direct and indirect impact on the metabolism of Cairo and the whole country. 
The data that the interviewees have provided is highly dependent on their 
personal experience, their level of access to information and what they decide to 
include or exclude from the discussion. The data that they have provided is also 
influenced by the lens that they use to discuss specific topics to respond to the 
open-ended questions. Researchers could overcome these limitations by 
increasing the number of interviews with interviewees from similar and different 
sectors and with different level of responsibilities to assess and compare their 
responses. Despite these limitations, the semi-structured interviews provided a 
better understanding of the drivers and barriers of resource management for 
major sectors (energy, electricity, water, wastewater and solid waste). 
The data that was collected from the site visits also added another 
dimension to the study that would not have been achieved by focusing on 
quantitative (numerical) data only. For example, Figures 4-39 and 4-40 in Chapter 
4 show the huge potential for solar energy in Cairo but Figure 5-7 in Chapter 5 
shows that the nature of urban form in Cairo hinders the development of 
distributed systems. Figures 4-11 to 4-18 in Chapter 4 show the growth of 
informal settlements in different areas in Cairo Governorate and the surrounding 
governorates, these photos provide a better understanding of the characteristics 
of such areas and the challenges that they create. The inequality of resources 
consumption and access to basic services is highly affected by the government’s 
decisions and the characteristics of these informal settlements (see Chapter 4, 
Figures 4-29 and 4-30). The narrow streets, the quality of buildings, the lack of 
adequate infrastructure impedes the government’s initiatives to increase the 
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percentage of access to basic services. The findings of this study show the 
importance of site visits in understanding the metabolism of cities, specifically to 
provide sustainable interventions that fit in the context of individual cities and 
urban areas. 
 This study shows that the available data on population, biophysical 
characteristics and primary resources (energy, electricity and water) at the 
national level were better than the available data on secondary resources (solid 
waste and wastewater). This is due to the low percentages of sanitation and 
waste collection coverage compared to other services at the national level 
(Chapter 5, section 5.4.10; Chapter 6, section 6.4.4; and Chapter 7, section 7.6). 
At the city level, the quality of the available data on population growth, biophysical 
characteristics, electricity and water are better than the available data on primary 
energy production and consumption (Chapter 5, section 5.3.6) and secondary 
resources (such as solid waste and wastewater). The lack of reliable data for 
secondary resources such as solid waste generation and composition is due to 
the lack of a proper waste management system. Many partners are involved 
(formal and informal) in the solid waste sector so the government cannot properly 
coordinate the governance of this sector and it is difficult to exchange the data 
between partners. The low percentage of waste collection coverage in Cairo, 
Giza and Qalyubia Governorates, at the city level, provides misleading data on 
actual solid waste generation (Chapter 5, section 5.4.10; Chapter 6, section 6.4.4; 
and Chapter 7, section 7.6). One of the major problems of solid waste 
management in developing countries is the difficulty of obtaining reliable data and 
the low coverage of waste collection (Wilson et al., 2013). 
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The illegal connections to the national grid and water networks of informal 
settlements in Cairo, Giza and Qalyubia Governorates have a great impact on 
the quality of available data because these connections are uncontrolled. 
Additionally, the lack of mechanical or smart metering systems in informal 
settlements to accurately measure water and electricity consumption also creates 
problems of both governance and data gathering. The quality and the percentage 
of the sanitation and waste collection services are extremely low in informal 
settlements, which complicates the process of data collection for urban 
metabolism studies. 
The lack of reliable data at the city level, data collection methods that are 
inconsistent and the complexity of tracking the flow of resources in informal 
settlements are common challenges for urban metabolism studies in Africa 
(Currie and Musango, 2017). Despite, these challenges Currie and Musango 
(2017) highlighted the importance of conducting urban metabolism studies for 
African cities to explore resource flows as these studies provide a better 
understanding of local characteristics and promote sustainable development 
strategies that fit in the African context (referring to informal settlements and 
informal economy) rather than following the same approaches of developed 
nations. In this study, the challenges of the lack of reliable data were identified in 
the empirical chapters (Chapters 4, 5, 6 and 7 and Appendix 12) and explained 
in depth the importance of missing or inaccurate data that should be considered 
in the future to enhance urban metabolism studies and enable policy and 
decision-makers to identify suitable pathways for sustainable urban strategies 
(see Chapter 8, section 8.5 and Table 8-1). Quantifying and measuring 
secondary resources, such as the solid waste generation and composition, and 
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the exact quantities of wastewater can have a great impact on planning for future 
infrastructure and increasing the use of secondary resources by upgrading them 
and feeding them back into the city, as well as reducing the environmental 
impacts of the wastewater and solid waste. 
Despite the advantages of employing the urban metabolism framework to 
understand sustainability challenges of cities and urban areas, the majority of 
urban metabolism studies and practical approaches largely focus on quantifiable 
elements of urban systems (such as the physical flows of resources) with minimal 
consideration of unquantifiable dimensions (such as social, cultural, institutional 
and political context) (Céspedes Restrepo and Morales-Pinzón, 2018). The 
findings of this study show that omitting these factors from the urban metabolism 
studies weakens the analysis of cities’ metabolism. Human behaviour, cultural 
characteristics and practices, institutional capacities and the political context are 
considered key aspects in shaping the unique characteristics of urban areas and 
they have a huge impact on the metabolism of cities and resources flows. These 
unmeasurable factors should be considered in urban metabolism studies to 
enable sustainability-transitions and tailor sustainable development strategies 
that fit in the context of individual cities or urban areas. The integration of top-
down and bottom-up approaches is important not just to enable researchers to 
collect data for informal settlements and overcome the lack of reliable data at the 
city level in developing countries (Musango et al., 2020) but also to enable 
researchers to collect data on the social, cultural and political context. 
Although there is an increasing interest in the field of urban metabolism 
studies, it is still lacking a unifying framework that could be applied worldwide to 
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conduct comparative studies. Researchers use different tools and approaches to 
assess the metabolism of cities, the selection criteria are based on the scope of 
the study, the timeframe of the research and the researchers’ field of study and 
previous experience. Moreover, urban metabolism analysis is significantly 
influenced by the researcher’s field of study and the quality and quantity of the 
available data. Accordingly, the outcomes of urban metabolism studies are 
incomparable even when researchers use the same approach or tool the findings 
of these studies are influenced by the researchers’ fields of study and their 
scientific background. Developing a unifying urban metabolism framework is 
required to conduct comparative studies worldwide. The engagement of 
interdisciplinary groups of researchers in constructing a unifying framework is 
also important to enable individual researchers from different disciplines to add 
measurable and unmeasurable indicators that consider physical flows of 
materials and unquantifiable aspects. This study suggests that the engagement 
of interdisciplinary groups of researchers in urban metabolism studies is also 
important in the phase of data analysis and interpretation to prevent biases. Cities 
are complex systems that need to be seen with different perspectives to address 
sustainability challenges and to understand their causes, and provide integrated 
and suitable solutions. 
The findings of this study confirm the importance of studying the changes 
of urban metabolism in the context of climate change (Céspedes Restrepo and 
Morales-Pinzón, 2018). This is another dimension that should be added to the 
urban metabolism framework. Climate change is expected to affect cities, regions 
and countries all over the world and in different ways. Understanding the impacts 
of climate change on the metabolism of cities and different areas is crucial to 
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identify future challenges and develop suitable mitigation and adaptation 
strategies. 
The findings of this study show that the urban metabolism framework 
enables researchers to identify sustainable development interventions that suit 
the characteristics of individual cities. However, the environmental impacts of 
these interventions are considered in most urban metabolism studies while the 
social impacts are rarely considered. To provide tailored sustainable 
development interventions that fit with the social and cultural characteristics of 
different settlements, this study suggests the integration of other methods with 
the urban metabolism framework such as the Social Life Cycle Assessment 
(SLCA) participatory approach developed by Mathe (2014). The SLCA 
participatory approach differs from other social impact assessment approaches 
as it considers various factors that are important for assessing the value of non-
market social impacts. It considers the engagement of multiple stakeholders and 
the integration of opinions not only of those affected by the impacts but also of 
those such as public decision-makers who affect the evolution of these impacts 
through regulatory measures (Mathe, 2014). It also considers the local context 
and impact categories that make sense for stakeholders in different contexts 
(Mathe, 2014). 
Furthermore, this study identified the challenges of individual sectors and 
the findings show that resources flows are interconnected, which confirms 
Currie’s et al. (2017) suggestions that any changes occurring in the flow of one 
of the resources will have impacts on other flows and an integrated approach 
(integrated analysis of resource nexuses) is required for resource management 
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and infrastructure development. As mentioned in Chapter 2 (section 2.3.4), the 
scope of urban nexus is on the dynamic interactions, uses systematic 
approaches to increase the efficiency of these interconnections within the whole 
urban system to ensure the sustainability of cities overtime (Chen, B. and Chen, 
2015). The nexus approach seeks to understand and assess interdependencies 
across different sectors at different scales to mitigate trade-offs and promote 
synergies in resource management (Hülsmann and Jampani, 2020). The urban 
metabolism framework does not explore this dimension although it provides the 
basic information that is required for the analysis of resource nexuses. Chen, B. 
and Chen (2015) suggest the integration of urban nexus in the urban metabolism 
framework to provide more practical approaches for sustainable urban planning 
and management, and to address challenges of urbanization and environmental 
changes. 
Despite, the limitations of the urban metabolism framework and the 
customized tool (as explained above) and the challenges of data availability, 
employing the urban metabolism framework and testing the customised multi-
layered indicator set on Cairo Governorate, the surrounding environment (Giza 
and Qalyubia Governorates) and on a larger scale (the whole country Egypt) 
provided a baseline for urban metabolism studies in the Global South. It provided 
a better understanding of the characteristics and conditions that created 
sustainability challenges in the selected case study (see Chapter 8, section 8-3). 
It also identified the key challenges of resource management in Cairo 
Governorate, Egypt and some of the common challenges of resource 
management and urban metabolism studies in the Global South (see Chapter 8, 
section 8-4, and Chapter 9, sections 9.2 and 9.3). Employing the urban 
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metabolism framework in this study shifted this research from problem 
identification to problem-solving research as the findings of this study enabled 
the identification of the most suitable sustainable development interventions that 
fit in the context of the case study (see Chapter 8, section 8.5). There is a huge 
potential to use the urban metabolism framework to explore the future challenges 
of cities, especially in the Global South where most future urbanization growth is 
projected (see Chapter 2, section 2.2.2). The urban metabolism framework 
combines and arranges different types of data including the social, economic, 
environmental and biophysical characteristics of cities. Organizing these data 
removes the difficulty of assessing the flow of materials and the environmental 
impacts of cities that lead to a better understanding of future challenges (Decker 
et al., 2002). 
Section 8.3 discusses the main characteristics of the Cairo Governorate that 
affect the flow of materials. Section 8.4 discusses the impacts of the flow of 
resources on the performance of Cairo Governorate towards sustainable 
development. Challenges of resource management in Cairo Governorate at the 
end of Chapter 5 (energy and electricity sectors), Chapter 6 (water and 
wastewater sectors) and Chapter 7 (solid waste sector) are summarized, 
combined and discussed in Section 8.4 to identify the impacts of the flow of 
materials on the performance of Cairo Governorate towards sustainable 
development and its urban carrying capacity. Section 8.5 provides proposals for 
sustainable development interventions for policymakers in Cairo Governorate.  
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8.3 The main characteristics of Cairo Governorate (case study) that affect 
the flow of materials 
From 2001 to 2016 the total population of Egypt increased by 25 million 
inhabitants of which 15 million inhabitants in rural areas and 10 million inhabitants 
in urban areas. The total population of Egypt reached 98 million inhabitants in 
2019 and is projected to reach almost 122 million in 2050 (United Nations, 2014; 
CAPMAS, 2019). By 2050 it is expected that the urban population will reach 
56.5% of the total population of Egypt, adding more than 30 million inhabitants to 
the urban population of 2016. This shows that the urban population will reach 
more than 68 million inhabitants by 2050. More pressure will be added to existing 
cities and infrastructure. Moreover, to absorb this growth a huge amount of 
resources will be required to build new cities and for the expansion of existing 
urban areas, and to provide the necessary infrastructure. 
The total population of Cairo, Giza and Qalyubia Governorates represents 
25% of the total population of Egypt; they live in approximately 3.6% of the total 
inhabited area of Egypt in 2016 (Chapter 4, Figure 4-27). From 2001 to 2016 the 
total population of Cairo Giza and Qalyubia Governorates remained 25% of the 
total population of Egypt (Figures 4-5 and 4-6). The total population of Cairo 
Governorate reached 9.4 million inhabitants in 2016 (Chapter 4, Figure 4-4). The 
United Nations defines a megacity as a city that has 10 million inhabitants or more 
(United Nations, 2016d). If the population of Cairo Governorate continues to grow 
at the same rate it will become a megacity within the next few years (Chapter 4, 
Figure 4-9). But Cairo Governorate will be a megacity within an existing megacity, 
the Greater Cairo Region. The population of Greater Cairo Region was above 19 
million inhabitants in 2016 (United Nations, 2016d). The population of Cairo and 
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the surrounding Governorates Giza and Qalyubia have been consistently 
increasing from 2001 to 2016 (Chapter 4, Figure 4-4). Unfortunately, a huge 
percentage of the population growth of Cairo, Giza and Qalyubia Governorates 
was unplanned and spread on the agricultural land in Giza and Qalyubia. Despite, 
the government’s efforts to reduce the density of the Greater Cairo Region by 
diverting urban growth towards new satellite cities and removing or upgrading 
informal areas, they failed to prevent the growth of informal settlements (Chapter 
4, Figures 4-11 to 4-18). 
         The highest population increase from 2001 to 2016 was the population of 
Giza Governorate that was 2.5 million inhabitants, followed by Cairo Governorate 
2.1 million inhabitants, with the lowest population increase of 1.6 million in 
Qalyubia Governorate. Giza Governorate had the highest average annual 
population growth rates between 2001 and 2016 (Chapter 4, Figure 4-9), the 
inhabited density of Cairo Governorate consistently increased between 2003 and 
2017 (Chapter 4, Figure 4-28). The inhabited density of Egypt reveals the uneven 
distribution of Egypt’s population as it reached more than 50,000 inhabitants per 
square kilometres in Cairo Governorate, with an inhabited density of all Egypt 
being less than 1400 inhabitants per square kilometres (Chapter 4, Figure 4-28). 
Cairo Governorate has the highest inhabited density compared to Giza and 
Qalyubia Governorates (Chapter 4, Figure 4-28). Cairo Governorate is 
considered one of the world’s most densely cities to the extent that residents, 
apart from the new satellite cities, occupy most of the roofs of residential 
buildings. This is considered one of the major challenges that prevent the 
installation of solar panels on the roofs of residential buildings in Cairo 
Governorate. Additionally, in high-density settlements in Cairo Governorate, in 
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unplanned settlements, the streets are so narrow that they hinder the flow of 
resources in and out these areas to provide basic services (Chapter 4, Figures 
4-11 to 4-13, Figures 4-29 and 4-30). The growth of informal settlements hampers 
the ability of the government to achieve the Sustainable Development Goals, 
specifically: 
§ Goal 6: clean water and sanitation, 
§ Goal 7: affordable and clean energy, and 
§ Goal 11: sustainable cities and communities (United Nations, 2015a). 
The population growth of Cairo Governorate has a huge impact on the 
surrounding governorates as the population of Giza and Qalyubia Governorates 
consistently increased between 2001 and 2016 (Chapter 4, Figure 4-4) and their 
average annual population growth rates are higher than the average annual 
population growth rates of Cairo Governorate and the average of Egypt (Chapter 
4, Figure 4-9). Despite that the inhabited density of Cairo Governorate is higher 
than the inhabited density of Giza and Qalyubia Governorates, the inhabited 
density of Giza and Qalyubia consistently increased between 2003 and 2017 
(Chapter 4, Figure 4-28). Even though a huge amount of this growth was 
unplanned and spread on the agricultural land of Giza and Qalyubia 
Governorates, there was also a significant increase in the number of residential, 
commercial and institutional buildings in both governorates compared to Cairo 
Governorate from 2006 to 2017 (Chapter 4, Figures 4-32 and 4-36). This shows 
that the government’s efforts to reduce the density of Cairo Governorate had a 
huge impact on diverting growth towards Giza and Qalyubia Governorates, 
although, the inhabited density of Cairo Governorate has been consistently 
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increasing over time. Some of the old buildings of Cairo Governorate have been 
demolished and replaced with multi-storey buildings to absorb more residents. In 
other cases, if the structure of existing buildings is suitable, more levels are added 
instead of replacing them with new ones. Accordingly, the number of residential 
buildings of Cairo Governorate slightly increased from 2006 to 2017 as shown in 
(Chapter 4, Figure 4-32), but the capacity of these buildings increased to absorb 
more residents. The problem is that usually increasing the capacity of these 
buildings is not associated with an equal increase in the capacity of the 
infrastructure and networks. This adds more pressure and weakens the existing 
infrastructure and networks, which were designed to meet specific demand of 
electricity, drinking water and other services; when the demand exceeds their 
capacity, this leads to the failure of the whole system. 
The unemployment rate of Cairo Governorate is considered high 
compared to the average rates of Egypt and the surrounding governorates Giza 
and Qalyubia (Chapter 4, Figure 4-23). The overall unemployment rates of the 
three governorates and the average of Egypt are considered high compared to 
the world’s advanced economies (Chapter 4, Figure 4-24). This was due to the 
political instability in Egypt arising from the revolution in 2011, which had a 
massive impact on the social and economic stability of the country. This made 
the country unattractive for new investments and businesses and it also affected 
the existing ones. As the centre of political power, Cairo Governorate was the 
most affected governorate. By 2014, the unemployment rate of Cairo 
Governorate decreased gradually when the country started to recover from the 
impacts of the revolution. Additionally, recent reports show that the 
unemployment rate of Egypt reached 8.6% in 2019 (IMF, 2019). This indicates 
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that the unemployment rate of Egypt is decreasing gradually, and the country 
started to become more stable. However, the government should provide more 
job opportunities in Cairo, Giza and Qalyubia Governorates to reduce the 
unemployment rates and achieve the Sustainable development Goal 8: ‘decent 
work and economic growth’ (United Nations, 2015a). This could be achieved by 
establishing an integrated sustainable waste management system and investing 
in renewable energy projects. Both sectors require a huge number of labourers, 
technicians, engineers and a range of skills. 
The next section explains the impacts of population growth and 
urbanization in Cairo Governorate on the flow of resources (energy, electricity, 
water, solid waste and wastewater) and how these flows affected the 
performance of Cairo Governorate towards sustainable development and 
achieving the Sustainable Development Goals (SDGs). 
8.4 The impacts of the flow of resources on the performance of Cairo 
Governorate towards sustainable development 
The flow of materials (energy, electricity, water, solid waste and wastewater) 
indicate that the urban metabolism of Cairo Governorate has been changing over 
the years and it also has a huge impact on changing the urban metabolism of the 
surrounding environment (Giza and Qalyubia Governorates). The urban 
metabolism of Cairo Governorate and the surrounding environment has been 
changing over the years in different ways based on population growth rates, 
urbanization, economy, biophysical characteristics, resources production and 
consumption, quality of infrastructure and access to basic services (Chapters 4, 
5, 6 and 7). This supports Kennedy et al.’s findings (2007) that the metabolism of 
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cities is changing and increasing over the years, differing from one place to 
another based on the climate, energy cost and consumption, age of the city, and 
stage of development (Chapter 2, section 2.3.4). The metabolism of cities also 
differs from one place to another based on the percentage of informal settlements 
(safe and unsafe) in urban areas, the urban form and the density of urban 
settlements (low, medium and high-density). The ageing infrastructure and 
metering systems extremely affect the efficient flow of resources of cities. The 
illegal connections in informal settlements to the national electricity grid and the 
drinking water networks have a massive impact on the existing infrastructure and 
the quality of the flow of resources of cities. Moreover, the low percentages of 
sanitation services and types of treatment, and the low percentages of solid 
waste collection and the lack of a proper solid waste management system hinder 
the sustainable flow of resources of cities. 
The energy balance of Egypt in 2018 shows that natural gas and crude oil 
represent 95% of the primary energy production and only 5% of all renewables 
(Chapter 5, section 5.3.1), despite the huge potential of solar and wind power 
(see Chapter 4, sections 4.3.4.3 and 4.3.4.4). Data shows that the production and 
consumption of natural gas from 2013-2014 to 2015-2016 decreased and natural 
gas consumption exceeded its production (Chapter 5, Figure 5-3). Recent data 
indicates that the production of natural gas will increase and exceed the level of 
consumption due to new discoveries. The production of crude oil was almost 
stable during the same period, but consumption exceeded production (Chapter 
5, Figure 5-4). It is expected that the demand for primary energy resources will 
increase in the future due to the rapid population growth, urbanization and 
economic growth (see Chapter 4, section 4.2.1). The current energy situation in 
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Egypt is similar to most other African countries, specifically Northern African 
countries. Most African countries rely on traditional fuels: oil, natural gas in 
Northern Africa; biofuels and waste in Middle, Eastern and Western Africa; and 
oil and biofuels in Southern Africa. Most Northern African countries are resource-
driven economies as their economies rely on exporting oil and natural gas 
(Mandelli et al., 2014). Better use of energy resources is required instead of 
relying on one or two types of energy (Mandelli et al., 2014). In South Africa, there 
is a mixed-use of traditional resources, but in general, the majority of African 
countries depend on fossil fuels with minimal exploitation of renewable resources, 
despite their huge potential and availability (Mandelli et al., 2014). 
Despite the availability of natural gas in Egypt due to the new discoveries, 
the Egyptian government set a target to increase the share of renewable energy 
to reach 20% by 2022 and 35% by 2030 of which 5% is targeted to come from 
hydropower, 16% solar and 14% wind power (Cabinet of Ministers - Arab 
Republic of Egypt, 2016). By 2035, the share of renewable energy might reach 
42%, but this is under revision as the representative of the Ministry of Electricity 
and Renewable Energy revealed. This shows that the government will focus on 
solar and wind power to achieve these targets rather than the hydropower as the 
sources of hydropower are limited in Egypt and there is no potential to increase 
it (Chapter 5, section 5.3.2). Data shows that the government will be able to 
achieve the solar power target, but some of the wind projects will be delayed as 
they are still under negotiations (Chapter 5, section 5.3.3). Additionally, the 
objective of the energy strategy of Egypt is to reduce the energy intensity of the 
country by focusing on energy efficiency rather than energy conservation 
(Chapter 5, section 5.3.10). This will be achieved by developing sectors that 
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provide more job opportunities with less energy consumption (Chapter 5 section 
5.4.9.1). 
         The electricity sector has the highest primary energy consumption 
compared to other sectors and consistently increased from 2009-2010 to 2016-
2017 and is projected to continue increasing due to population growth, 
urbanization and the change in usage patterns (Chapter 5, section 5.3.7). 
Currently, the electricity sector is highly subsidized, but the government is 
gradually removing these subsidies. This will increase future electricity bills. The 
government aims to change customers’ practices and consumption through price 
signalling. 
         The electricity production mix of Egypt between 2002-2003 and 2015-2016 
shows that Egypt has been relying on two types of non-renewable energy 
resources: natural gas and oil with a small share of renewable energy (Chapter 
5, section 5.4.1). The electricity production mix of Egypt in 2018 consists of 
natural gas (82%), oil (8%) with all renewables only making up 10%, of which 7-
8% is hydropower and 2-3% other renewable energy resources, mostly wind. The 
residential sector has the highest electricity consumption (Chapter 5, Figure 5-
35). The electricity production mix of Egypt is similar to most of the developing 
countries that rely on one or two types of non-renewable energy resources for 
the electricity production that is mainly used in the residential sector (Facchini et 
al., 2017; Khoury et al., 2016). While in developed countries, the electricity 
production mix usually includes different types of energy resources rather than 
relying on one or two types (Facchini et al., 2017) (Chapter 5, section 5.4.1). 
 379 
         The electricity sector has the highest carbon dioxide (CO2) emissions in 
Egypt and has been increasing since 2009-2010, reaching 43% by 2016-2017 
(Chapter 5, Figures 5-18 and 5-19). The electricity sector has the highest CO2 
emissions in Egypt because the electricity generation mix mainly relies on 
traditional fuels (natural gas and oil). Given future population and economic 
growth, the percentage of the CO2 emissions of the electricity sector will increase 
significantly in the future if renewable energy resources do not replace 
conventional fuels and the government does not remove energy subsidies 
(Chapter 5, section 5.3.9). 
It is notable that the government’s target to increase the share of 
renewable energy-focused only on increasing the share of solar and wind power 
and did not include any targets to increase the development of waste-to-energy 
and sludge-to-energy projects even though there is a huge potential for such 
projects in Egypt. Solid waste generation (Chapter 7), wastewater generation 
(Chapter 6), the average annual population growth rates and urbanization growth 
(Chapter 4) show that organic waste and wastewater are expected to increase 
significantly in the future. Waste-to-energy and sludge-to-energy projects are also 
more suitable in medium and high-density settlements in Egypt as there are many 
other challenges for distributed renewable energy systems that were explained 
in Chapter 5 (section 5.3.4). Despite, the challenges of waste-to-energy and 
sludge-to-energy projects in Egypt were identified and presented in Chapters 6 
and 7, there is still a huge potential to increase solid waste collection coverage 
and sanitation services to maximize the use of these secondary resources, 
reduce the use of primary resources and reduce the environmental impacts of 
untreated solid waste and wastewater (Chapter 7, Figures 7-21 to 7-40). Despite 
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that, the capacity factor of waste-to-energy is limited compared to solar and wind 
energy, the potential of developing these projects refers to the sustainability 
benefits of effective handling of organic waste and its use as an energy source 
rather than a quantified potential for energy generation (see Chapter 5, Table 5-
2). 
Cairo Governorate mainly relies on natural gas and LPG to meet its energy 
demands (Chapter 5, Table 5-3). Natural gas is mostly used as a cooking fuel in 
Cairo Governorate (Chapter 5, Figure 5-11). Results of Chapter 5 indicate that 
Cairo Governorate does not produce any type of energy and relies on other 
governorates to meet its energy demands. The electricity generation mix of Cairo 
Governorate is not available, but Egypt’s electricity generation mix indicates that 
Cairo Governorate mainly relies on traditional fuels and the share of renewable 
energy resources is very low (Chapter 5, Figure 5-23). The average annual 
growth rate of electricity production and consumption of Cairo Governorate 
increased significantly over a period of 16 years. However, production was less 
than consumption. To fill the supply and demand gap Cairo Governorate imports 
electricity from the surrounding governorates (Chapter 5, section 5.4.8 and Figure 
5-32). The average electricity consumption of Cairo Governorate from 1999-2000 
to 2015-2016 was 19% of the total electricity consumption of Egypt. This shows 
that 10% of the total population of Egypt (that live in Cairo Governorate) consume 
19% of the total electricity consumption of Egypt over the 16-year period. The 
average percentage of electricity losses of Egypt is 15-18% (Chapter 5, section 
5.4.4); this data is not available for Cairo Governorate. However, the percentage 
of electricity losses in Cairo Governorate might exceed the average electricity 
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losses of Egypt due to the illegal connections in informal settlements, in addition 
to the technical and commercial losses (Chapter 5, sections 5.4.4 and 5.4.5). 
The residential sector has the highest rates of electricity consumption in 
Cairo Governorate compared to other sectors (Chapter 5, section 5.4.9.2). Most 
electricity consumption is required for cooling purposes, as mentioned in Chapter 
4 section 4.3.4.1. It is projected that electricity consumption will increase due to 
the rapid population growth, urbanization, economic growth and climate change. 
Adapting energy efficiency strategies could reduce the electricity consumption of 
the residential sector (Krarti and Dubey, 2018; Mirrahimi et al., 2016). Promoting 
energy efficiency strategies is also important to achieve Sustainable 
Development Goal 7: ‘Ensure access to affordable, reliable, sustainable and 
modern energy,’ Target 7.3: ‘By 2030, double the global rate of improvement in 
energy efficiency’ (United Nations, 2015a). Cairo Governorate has the lowest 
percentage of households without grid connection compared to the average of 
Egypt (Chapter 5, Figure 5-45). The electricity coverage in Cairo Governorate is 
considered high compared to the rest of the basic services (see Chapter 5, 
section 5.4.10 and Figure 5-46). 
The patterns of the electricity production and consumption of Cairo 
Governorates indicate that both will significantly increase in the future and the 
government has started to gradually remove electricity and energy subsidies. 
This means that the price of traditional energy will increase. This makes it crucial 
to maximize the use of renewable energy resources, especially now that their 
prices are almost equal or less than traditional fuels. Replacing traditional fuels 
with renewable energy resources is also important to reduce carbon dioxide 
emissions. Furthermore, Cairo Governorate imports electricity from the 
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surrounding environment to fill the supply and demand gap; providing alternative 
local resources is fundamental to reduce imports from other ecosystems. 
Preventing the growth of informal settlements is essential to reduce electricity 
losses. Upgrading and developing the existing infrastructure and replacing the 
ageing metering systems with smart metering systems will reduce electricity 
losses and will enable the government to have better control over the national 
grid. This will also improve the quality of data on electricity consumption and 
patterns of electricity usages for future planning and development. 
         There is a huge potential for solar and wind energy in Cairo Governorate 
(see Chapter 4, Figures 4-39 and 4-43). However, the process of converting 
these renewable energy resources into energy is complicated due to the difficulty 
of resources identification, project identification, technology challenges, biding 
and financing. The lack of finances, poor regulations, clear policies and legal 
frameworks, and corruption in some governments prevent the development of 
renewable energy projects (Khoury et al., 2016). The difficulty of operating the 
existing electricity national grid with a high share of renewable energy resources 
(such as hybrid systems) is considered another problem for the expansion of 
renewable energy projects in Cairo Governorate. The existing grid is not suitable 
for receiving and transmitting different types of renewable energy resources. The 
government is currently upgrading the national grid to receive different types of 
energy resources. 
         In addition, the urban form and the density of settlements has a huge 
impact on the development of distributed renewable energy systems, specifically 
in Cairo Governorate. Wind power is not suitable for inner cities and solar panels 
are not suitable for medium and high-density settlements in Cairo Governorate. 
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High buildings beside short buildings create shaded areas that reduce the 
efficiency of solar panels (Chapter 5, Figure 5-7). The ownership patterns of roofs 
are also not identified and most of the existing roofs are occupied by the 
inhabitants of Cairo Governorate due to the high inhabited density (Chapter 4, 
Figure 4-28). 
         Moreover, prices of distributed systems are more expensive than the utility 
size in Egypt. The weak connections in informal settlements are not suitable for 
distributed systems. The lack of developed banking systems to finance such 
businesses for high-income households who are able to install solar panels is a 
problem, as is the absence of financial guarantees that could be provided by 
customers, particularly households of informal settlements most of them do not 
have bank accounts. Solar panels can be more efficient in new satellite cities 
(low-density settlements) that surround Cairo Governorate as urban planning is 
better and the ownership patterns of roofs are identifiable (Chapter 5, Figure 5-
8).  
The data for solid waste and wastewater is limited, and it is difficult to 
identify the patterns of generation over time for Cairo Governorate. However, the 
existing data of the flow of wastewater in Chapter 6 and the flow of solid waste in 
Chapter 7 show that there is a huge potential to upgrade organic waste to 
produce biogas and to develop sludge-to-energy projects. It is predicted that the 
generation of solid waste and wastewater will increase based on future 
population growth in Cairo Governorate (Chapter 4, Figure 4-4). The municipal 
solid waste generation of Cairo Governorate was approximately 6000 tonnes/day 
in 1983 and reached 17000 tonnes/day in 2018 (Chapter 7, section 7.4). 
Hoornweg and Bhada-Tata (2012) outlined that most of the global waste 
 384 
generation increase will be in lower-middle-income countries where most 
megacities will be located in the future (Chapter 2, Figure 2-5). Wilson et al. 
(2013) shed light on the potential of upgrading organic waste by anaerobic 
digestion to produce biogas in low-income countries. 
Upgrading these secondary resources (solid waste and wastewater) to 
produce energy are better options for Cairo Governorate, including high-density 
settlements as other distributed renewable energy systems are not suitable 
(Chapter 5, section 5.3.4). Both will provide a sustainable and renewable source 
of energy for Cairo Governorate instead of importing its energy and electricity 
from other governorates. Currently, Cairo Governorate mainly relies on natural 
gas for cooking purposes (Chapter 5, Figure 5-11) so the existing grid could be 
upgraded to replace natural gas with biogas. This will change the flow of the solid 
waste (secondary resource) - specifically organic waste that represents from 50% 
to 60% of the total generation of municipal solid waste - from a linear flow into a 
circular flow by upgrading it and feeding it back into the urban system to reduce 
the use of natural gas (a primary non-renewable resource). Creating circular 
flows in the city will create resilient urban systems and close the metabolic flows 
(Broto et al., 2012; Codoban and Kennedy, 2008). 
The data of the municipal solid waste composition of Cairo Governorate is 
unavailable in official statistics and published reports that were reviewed. The 
results from semi-structured interviews indicated that the municipal solid waste 
composition in Cairo Governorate varies from one settlement to another based 
on the income level (Chapter 7, section 7.5). In high-income settlements, the 
percentage of dry waste is higher than low-income settlements and the 
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percentage of organic waste is higher in low-income settlements than in high-
income settlements. Measuring the actual quantities of organic waste and 
tracking locations (settlements) of high generation of organic waste are essential 
to maximize the use of organic waste to produce biogas and to identify the best 
locations to build anaerobic digestion plants. Splitting municipal solid waste into 
two categories wet (organic waste) and dry (such as glass, metal and cardboard) 
is recommended for treating organic waste in developing countries (Wilson et al., 
2013). 
The driver of upgrading organic waste is not only to produce energy but to 
ensure the daily collection and treatment of organic waste are also important to 
reduce the environmental impacts of organic waste. Untreated organic waste 
emits methane that is worse on the environment than carbon dioxide emissions 
as 1 ton of methane is equivalent to 25 tons of carbon dioxide (Eurostat, 2020). 
Baklanov et al. (2016) outlined that capturing methane and waste management 
projects were part of the successful mitigation strategies that were developed in 
Mexico to reduce emissions. Other cities in the Global South face similar 
challenges and pursuing such mitigation strategies is important to promote 
sustainable urban development (Baklanov et al., 2016). 
         Transforming organic waste from a burden that no one is interested in (see 
Chapter 7, section 7.8) into a secondary resource (through upgrading it to 
produce biogas) is important. This could increase the financial capacity of the 
solid waste sector in Egypt that could enable the government to establish an 
integrated sustainable solid waste management system. The governance of the 
solid waste sector should be defined first, and the institutional settings should be 
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improved before establishing a solid waste management system. Measuring 
other types of waste is also important to provide suitable treatment to prevent 
negative environmental impacts from dry and wet waste. This information is 
important to make better decisions for integrated sustainable solid waste 
management and resource management. 
The percentages of households (including Cairo Governorate, Giza 
Qalyubia and the whole country Egypt) living in areas without public waste 
collection and sanitation services are high compared to other basic services (see 
Chapter 6, Figures 6-34 and 6-35 and Chapter 7, Figures 7-11 and 7-12). This 
indicates that most of the government’s development plans and investments are 
directed towards increasing access to primary resources (such as the electricity 
and drinking water) rather than upgrading the available secondary resources 
(output of cities such as the solid waste and wastewater) and maximizing their 
uses. Driven by climate change and the scarcity of resources, it is crucial to 
increase the percentages of waste collection coverage and sanitation services to 
reduce their environmental impacts and to upgrade these secondary resources 
and to feed them back into the city. It became a global concern to increase the 
waste collection coverage and sustainable management, and the sanitation 
coverage to achieve the Sustainable Development Goals (SDGs) developed by 
the United Nations specifically; Goal 3 ‘Ensure healthy lives and promote well-
being for all at all ages’, Goal 6 ‘Ensure availability and sustainable management 
of water and sanitation for all’  and Goal 11 ‘Sustainable cities and communities’ 
(United Nations, 2015a). 
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         Like many other developing countries, the informal sector represents 
massive challenges for the solid waste sector in Cairo Governorate, and Egypt in 
general. As explained in Chapter 7, there were many unsuccessful attempts to 
integrate the informal sector within the formal waste management system in Cairo 
Governorate. Despite these unsuccessful attempts, it is necessary to integrate 
the informal sector within the formal framework of the waste management sector 
to enable the government to better coordinate the activities of this sector. This 
will improve the government’s strategy and planning for establishing an 
integrated sustainable waste management system. The Sustainable 
Development Goals (SDGs) Goal 11 ‘Sustainable cities and communities’  
indicator 11.6.1 ‘Proportion of urban solid waste regularly collected and with 
adequate final discharge out of total urban solid waste generated by cities’ 
outlines the importance of integrating the formal and informal sector for the 
benefit of both (United Nations, 2015a). The integration of the informal sector 
could provide better working and living conditions, transform the informal 
economy and its illegal practices into formal and legal practices and produce 
better outcomes for society and the environment. 
The water and wastewater sectors are creating considerable challenges 
for the government in Egypt. Water resources are limited (mainly sourced from 
the River Nile’s surface water (Chapter 6, section 6.3.1, Figure 6-1), the annual 
rainfall and average precipitation are extremely low (Chapter 4, section 4.3.4.2, 
Figure 4-38), the population is rapidly increasing (Chapter 4, section 4.2.1) and 
water consumption per capita is decreasing. In addition, the water losses are 
increasing due to the ageing infrastructure and water metering systems and the 
illegal connections in informal settlements that weaken the existing infrastructure 
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(Chapter 6, section 6.3.6.1 Figure 6-17). The government established a strategy 
to overcome the scarcity of water resources in Egypt that considered many 
aspects apart from improving the infrastructure of informal settlements. 
Infrastructure is important because these areas have a massive impact on the 
consumption of all resources, not just the drinking water. The lack of financing, 
public awareness, and the political situation of the country delayed the expansion 
of drinking water projects and the implementation of the government’s water 
strategy. 
Moreover, drinking water is used in other purposes like the irrigation of 
public parks and private gardens, commercial and touristic activities (NWRP, 
2017). While the drinking water network in Egypt is designed to provide all 
activities with the highest quality of water, the required quality of resources 
(water) differs from one activity to another (Agudelo-Vera et al., 2012). Providing 
the highest quality of resources for all activities means that some activities receive 
higher quality than what is actually required. A huge amount of resources are 
wasted or as mentioned in the Agudelo-Vera et al. (2012, p.4) study the ‘quality 
losses in the system’. To reduce these losses Agudelo-Vera et al. (2012) 
suggested that the quality of resources should fit the required activities. The 
quality losses in the drinking water system in Egypt should be considered in 
designing the drinking water networks with a variety of water quality levels to 
provide each activity with a suitable quality of water. This will save a huge amount 
of water and will enhance the efficient use of water resources. 
The available data for the wastewater sector in Egypt is limited and mainly 
focuses on the quantities of the collected wastewater and the types of treatment 
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used, rather than the total generation. This is a common problem for both 
wastewater and the solid waste (the outputs of cities) or the secondary resources 
- data is rare and the available data is inaccurate (see section 8.2). This is due to 
the low percentage of sanitation coverage, so it is difficult to quantify actual 
wastewater production. However, the government’s 2030 strategy for wastewater 
treatment is to increase sanitation coverage to reach 100%. This will improve the 
quality of wastewater data. Meanwhile, pilot studies can provide better data and 
then total production could be estimated. 
         The current situation of sanitation coverage in Egypt is low, specifically in 
rural areas as it is only 15%. This has a massive impact on the environment as it 
increases the pollution levels of the existing water resources and causes health 
problems that reduce human productivity. It is crucial to transform wastewater 
into a source of income by upgrading it and feeding it back into urban and rural 
systems. This will not be achieved without increasing sanitation coverage, the 
quality of treatment and developing sludge-to-energy projects. It is a global 
concern nowadays to provide adequate sanitation services for all and eliminate 
the amount of untreated wastewater to reduce pollution levels. To overcome 
these challenges wastewater should be considered as a secondary renewable 
resource that could be a source of income if it was managed efficiently. 
         The production of the wastewater is expected to increase due to the rapid 
population growth in Egypt. There is considerable potential to develop sludge-to-
energy technologies if the sanitation coverage increased. This will provide Egypt 
with a renewable source of energy that could reduce the use of fossil fuels and 
the amount of wastewater that is dumped into water bodies without treatment. 
Reducing the consumption of fossil fuels could increase the exports of natural 
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gas to other countries that would maintain the flow of hard currency. Hard 
currency is required to import other important products in the future. As 
mentioned earlier in this chapter, water scarcity is increasing in Egypt and has a 
massive impact on food production. The government is banning the production 
of many crops that require a huge amount of water to grow. These crops are 
replaced by others that can grow with less water. The government will need hard 
currency to import other crops and products to meet the increasing demand for 
food due to rapid population growth. This shows that improving the sanitation 
coverage and developing sludge-to-energy technology in Egypt could have a 
significant impact on other sectors, not just the wastewater sector. Efficient 
resource management requires understanding the condition of each resource 
separately and then collectively in a more holistic way to develop sustainable 
strategies and make better decisions for integrated resource management. 
Multi-sourcing is vital to secure the stability of urban metabolic systems 
and water-saving technologies have a great impact on reducing the water 
demand (Agudelo-Vera et al., 2012; Agudelo-Vera, Mels et al., 2012). Splitting 
the wastewater network into two different networks sewage and greywater 
(secondary resources) should be considered in the future to maximize the use of 
greywater for activities that do not require high-quality water and personal 
contact, and to limit the use of drinking water (primary resource) for activities that 
require high-quality water. Greywater is defined as wastewater without any 
contributions from toilet water (Casanova et al., 2001; Oteng-Peprah et al., 2018; 
Ottoson and Stenström, 2003). 
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         The situation in Cairo Governorate is similar to drinking water production, 
consumption and losses of Egypt. The drinking water production of Cairo 
Governorate was almost stable over a period of 14 years (Chapter 6, Figure 6-
18). Drinking water consumption has been decreasing and the losses have been 
significantly increasing (Chapter 6, Figure 6-18). While water consumption levels 
have been decreasing over recent years, the total percentage of drinking water 
consumption of Cairo Governorate and the surrounding governorates (Giza and 
Qalyubia) still reached 37% of the total consumption of Egypt in 2015-2016 
(Chapter 6, Figure 6-25). Most of the increase was in Giza Governorate. This is 
expected as the average annual population growth of Giza Governorate (3.17%) 
was the highest compared to other governorates. The total percentage of the 
drinking water production, consumption and losses are extremely high in Cairo 
and Giza Governorate compared to the rest of Egypt. The average drinking water 
losses in Cairo Governorate are 30% in some areas and could even be as high 
as 40% in informal areas (Chapter 6, section 6.3.9). A huge amount of these 
water resources is wasted because of the ageing infrastructure (networks and 
water metering systems) and the poor and illegal connections in informal 
settlements. The high percentage of drinking water consumption of Cairo 
Governorate and the surrounding governorates (specifically Giza Governorate) 
indicates that the drinking water is not equally distributed all over the country. 
Despite the government’s efforts to reach 100% of drinking water coverage, 
drinking water consumption per capita differs from one place to another. 
Drinking water losses are also associated with a huge amount of energy 
losses. The production and distribution of drinking water require a huge amount 
of energy. So, when water losses increase, this means that a percentage of the 
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energy that is used in the production and distribution of the drinking water is also 
lost. In addition, water losses enter the water cycle again as treated or untreated 
wastewater (NWRP, 2017). This adds to the amount of energy that is required for 
wastewater treatment. 
The major challenges of the drinking water sector in Cairo Governorate 
are: the water resources are limited; it mostly relies on surface water with limited 
potential to increase it; groundwater resources are limited and they are affected 
by the environmental impacts of urbanization and the leakages of the existing 
sewage networks; a high percentage of water losses due to illegal connections 
in informal areas; the ageing infrastructure and metering systems, and the rapid 
population growth as the average annual growth rate in Cairo Governorate was 
1.91% from 2001 to 2016 (Chapter 4, Figure 4-9). Furthermore, the situation 
might get worse due to the impacts of climate change and water demand is 
expected to increase for all activities due to economic growth. 
Despite the difficulty of identifying the patterns of wastewater generation 
over a certain period of time due to the lack of data, the most recent available 
data presented in Chapter 6 shows that in 2011, the total wastewater production 
of Egypt was 7048 million cubic metre and 52% of the generated wastewater was 
untreated (Chapter 6, Figure 6-31). The situation of Cairo Governorate was better 
with the percentage of the wastewater treatment is higher than the rest of the 
governorates (largely due to more favourable treatment for the nation’s capital). 
The total wastewater production of Cairo Governorate was 1818 million cubic 
metre in 2011 and 29% of the generated wastewater was untreated (Chapter 6, 
Figure 6-31). However, sanitation coverage is not an indicator of the percentage 
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of treated or untreated wastewater. In general, the percentages of untreated 
wastewater in Egypt, Cairo, Giza and Qalyubia Governorates are all considered 
high. The lack of wastewater treatment and access to sanitation services is a 
common problem worldwide, especially in the Global South. This evident from 
the United Nations’ statistics that six in ten people lack access to adequate 
sanitation services and more than 80% of wastewater is discharged into water 
bodies without treatment (United Nations, 2016c). 
The total wastewater production of Egypt was 7048 million cubic metres 
in 2011 and the total population was 81 million inhabitants. By 2030, the total 
population of Egypt is expected to reach 112 million inhabitants, and this will be 
associated with a substantial increase in the production of wastewater as it is 
expected to be 11673 million cubic metres (AbuZeid and Elrawady, 2014). This 
is based on the estimates of the “2030 Strategic Vision for Treated Wastewater 
Reuse in Egypt” (AbuZeid and Elrawady, 2014). The 2030 strategy considered 
the annual population growth of each governorate in Egypt to provide complete 
coverage of sanitation services and wastewater treatment. This target is a top 
governmental priority but is frustrated by the lack of finance available to achieve 
it. The drinking water tariff does not provide enough funding that is required for 
extending sanitation services and wastewater treatment. 
         The percentage of wastewater production of Cairo Governorate and the 
surrounding governorates (Giza and Qalyubia) was 43% of the total production 
of Egypt in 2011, of which 26% per cent was in Cairo Governorate (Chapter 6, 
Figure 6-32). This is the most recent available data. The average annual 
population growth rates of the three governorates as presented in Chapter 4 
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(section 4.2.1) indicate that this percentage is expected to increase in the future. 
The generated wastewater could represent a huge potential for Cairo, Giza and 
Qalyubia Governorates, if it was considered as a secondary resource and was 
transformed into a source of income instead of being a burden. This requires 
increasing sanitation coverage, the percentage of wastewater treatment and the 
quality of treatment to: maximize the use of treated wastewater that will reduce 
the consumption of primary water resources and will reduce the pollution levels, 
maximize the use of sludge-to-energy technology to provide these governorates 
with a renewable source of energy and reduce the imports and consumption of 
non-renewable energy resources (see Chapter 5, none of these governorates 
produces energy) and finally, to improve public health; this will save part of the 
allocated budget for the health sector. Upgrading the existing sanitation systems 
to separate sewage and greywater is strongly recommended to maximize the use 
of greywater in activities that do not require high-quality water and personal 
contact (Oteng-Peprah et al., 2018). 
         The outcomes of this study indicate that public behaviour has a huge 
impact on the flow of resources in Cairo Governorate. For example, public 
behaviour is considered one of the major challenges for the solid waste sector in 
Cairo Governorate (Chapter 7, section 7.9.3). The existing financial, technical 
and institutional capacity of the cleaning authority could not control the behaviour 
of 10 million inhabitants of Cairo Governorate. Changing public practices could 
be achieved by developing a schedule for waste collection and the government 
should strictly enforce the law and apply penalties on lawbreakers. However, this 
could not be achieved without improving the governance of the solid waste sector 
and establishing an integrated sustainable waste management system. Both are 
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still under development. Moreover, increasing public participation and awareness 
campaigns to increase the sense of responsibility and draw attention to the 
consequences of public behaviour towards solid waste disposal, such as the 
environmental impacts and health problems, is required. 
The study suggests changing household practices to reduce electricity and 
drinking water consumption is also important, particularly in Cairo Governorate to 
provide equal distribution of resources all over the country. Yang et al. (2012) 
outlined that urban household metabolism varies from one place to another and 
is highly affected by the urban and social context. Yang et al. (2012) indicated 
that changing the behaviour and lifestyle of households could improve urban 
sustainability. Urban metabolism describes the interactions between different 
functions and the environment and human actions are part of these interactions 
(Broto et al., 2012). Social and economic characteristics of cities affect the 
metabolism of cities, and governance systems can regulate these relations. 
  Employing the urban metabolism framework in this study provided a better 
understanding of the complex interlinkages of the flow of resources in Cairo 
Governorate. These linkages revealed the impact of inefficient use of resources 
on the performance of Cairo Governorate towards sustainable development. 
Previous urban metabolism studies show that researchers were able to 
determine various dimensions of sustainability within cities and deficiencies in 
resource management (Broto et al., 2012). Sustainable development should 
consider finding integrated solutions to provide the most appropriate strategies 
for all sectors to enhance the effective use of local resources, increase the use 
of secondary resources and reduce the exploitation of resources from the 
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surrounding environment to build more resilient urban systems (Agudelo-Vera et 
al., 2012; Broto et al., 2012; Codoban and Kennedy, 2008; Currie et al., 2017). 
The outcome of this study supports the findings of Huang and Chen (2009) 
who explored the impact of urbanization on the urban metabolism of Taipei. The 
increased demand for energy and other resources exceeded the capacity of the 
natural ecosystem of Taipei. Most of the energy and material flows of the 
surrounding areas were directed towards Taipei. Huang and Chen (2009) 
suggested reducing urban sprawl to improve the performance of the city towards 
sustainable development. Similarly, the outcome of this study suggests reducing 
the growth of informal settlements (safe and unsafe) is crucial to improve the 
performance of Cairo Governorate towards sustainable development and 
achieving the Sustainable Development Goals (SDGs). The quality of informal 
settlements and the poor infrastructure – including illegal connections - have a 
huge impact on the flow of resources in Cairo Governorate. In addition, improving 
existing informal settlements and providing adequate infrastructure is also 
important to ensure equal distribution of resources. 
Exploring the flow of resources (energy, electricity, water, wastewater and 
solid waste) of Cairo Governorate, understanding local characteristics and 
identifying the challenges of each sector indicate that the population growth and 
urbanization of Cairo Governorate exceed its urban carrying capacity (UCC). Wei 
et al. (2015, p.65) defined urban carrying capacity as ‘the limit of urban 
development from environmental impacts and natural resources, infrastructure 
and urban services, public perception, institution setting, and society supporting 
capacity.’  The UCC differs from one place to another because it depends on the 
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interaction between its elements (Chapter 2, Figure 2-9). Cities can improve and 
increase their capacities in different ways (see Chapter 2 section 2.3.2). This 
could be achieved by mitigating their environmental footprints (impacts), reducing 
levels of pollution and reducing the use of natural resources. Providing adequate 
infrastructure also has a significant impact on the efficiency of resources 
consumption and the output of cities (González et al., 2013). It is also important 
devising strategies for improving prospects for residents of rural settlements to 
reduce internal migration. Increasing financial, technical and institutional 
capacities of cities are also important, specifically to provide basic services in 
developing countries. 
Furthermore, the findings of this study support Tobbala’s (2019) 
suggestions that the current system of local administration in Egypt relies heavily 
on centralized decision-making and that the central control leads to policies and 
strategies that do not meet real local needs (see Chapter 2, section 2.3.2). Top-
down administration has created a gap between the central government and the 
sub-national level (Tobbala, 2019) and the government's initiatives towards 
decentralization in Egypt are influenced by the idea of central planning that lacks 
flexibility and adequate response to local needs and public participation (Ibrahim, 
2011). The current system lacks transparency in information flows which is 
essential for effective participation of local communities and accountability of 
local governments to ensure the efficient and effective use of government 
resources and delivery of public services (Ibrahim, 2011; Tobbala, 2019; UNDP 
and INP, 2004). Public participation at local levels is also an indicator of good 
local governance (UNDP and INP, 2004). Transparency in information flows and 
accountability of local governments accompanied with good governance reduces 
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information inconsistencies between the government’s different institutions as 
inconsistencies in existing information provides unreliable data for decision-
making, planning, setting targets and monitoring (UNDP and INP, 2004). 
Information flows should be available vertically with central and local 
governments and horizontally with all sectors and institutions to serve the 
integrated holistic objectives of sustainable human development (UNDP and INP, 
2004) and with Sustainable Development Goal 16, which aims ‘to promote 
peaceful and inclusive societies for sustainable development, provide access to 
justice for all and build effective, accountable and inclusive institutions at all 
levels,’ Target 16.5 ‘Substantially reduce corruption and bribery in all their forms’, 
Target 16.6 ‘Develop effective, accountable and transparent institutions at all 
levels’ and Target 16.7 ‘Ensure responsive, inclusive, participatory and 
representative decision-making at all levels’ (United Nations, 2015a). 
8.5 Sustainable development interventions for Cairo Governorate 
Sustainable development requires tailored strategies to fit successfully in a 
particular place, as each region, country or city has its own characteristics that 
shape its unique identity. In this study, employing the urban metabolism 
framework provided a better understanding of the local characteristics and the 
key challenges of resource management and their impacts on the performance 
of Cairo Governorate towards sustainable development (section 8.3 and 8.4). 
This assisted the identification of the most suitable sustainable development 
interventions for Cairo Governorate as suggested below: 
§ Developing, upgrading and creating more flexible infrastructure to receive 
different types of energy resources and increasing the installation of smart 
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metering systems. This will enable the government to have greater control 
on the flow of resources. 
§ Preventing the growth of informal settlements and upgrading both safe and 
unsafe settlements, including their infrastructure. This is vital to reduce the 
number of illegal connections and losses and to provide better services for 
all and equal distribution of resources. 
§ Increasing sanitation and solid waste collection coverage to maximize the 
development of sludge-to-energy and waste-to-energy projects. This will 
reduce the use of non-renewable resources (natural gas and oil), carbon 
dioxide emissions and the environmental impacts of solid waste and 
wastewater. 
§ Establishing an integrated sustainable waste management system by 
redefining the governance of this sector, increasing the financial, technical 
and institutional capacities of all sectors, and integrating formal and 
informal sectors. This will enable the government to have full control of the 
solid waste sector in Cairo Governorate. Accordingly, this will ensure 
better management and reduce the environmental impacts of the solid 
waste sector. 
§ Measuring the actual quantities of organic waste and tracking locations 
(settlements) of a high generation of organic waste are essential to 
maximize the use of organic waste to produce biogas and to identify the 
best locations to build anaerobic digestion plants. Splitting municipal solid 
waste into two categories, wet (organic waste) and dry (such as glass, 
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metal and cardboard) is recommended for the treatment of organic waste 
in developing countries (Wilson et al., 2013). 
§ Splitting the wastewater network into two different networks - sewage and 
greywater - should be considered to maximize the use of greywater for 
activities that do not require high-quality water and personal contact, and 
to limit the use of drinking water for activities that require high-quality of 
water. 
§ Continuing the process of removing non-renewable energy, electricity and 
water subsidies: 1) to increase the financial, institutional and technical 
capacities of all sectors including wastewater and solid waste to provide 
better services and to develop the existing infrastructure, and 2) to 
encourage the use of other alternative renewable energy resources as 
their prices will be equal or less than non-renewable energy resources 
after removing the subsidies. Removing subsidies should be accompanied 
by creating schemes targeted at low-income households to avoid poverty. 
§ Increasing public engagement and awareness campaigns to encourage 
behaviour change and alter practices towards solid waste disposal and 
electricity and water consumption. 
Increasing the quality of available data to identify patterns of production 
and consumption of resources. This could be achieved by conducting pilot 
studies on smaller scales taking into consideration that resource consumption 
differs from one settlement to another based on the density and income level. 
Table 8-1 shows the suggested areas for future data collection.   
 401 
Table 8-1: Summary of future data collection. 
Sector Future data collection at the “city level” 
Energy 
§ Primary energy production mix at the city level including 
renewable and non-renewable energy resources.  
§ Energy consumption by sector at the city level.  
Electricity 
§ Electricity production mix at the city level including 
renewable and non-renewable energy resources. 
§ Electricity consumption per capita.*  
§ Electricity losses (technical and commercial) including 
planned and unplanned settlements. 
Water 
§ Water consumption by sector at city level.  
§ Water consumption per capita.* 
§ Water losses (technical and commercial) including planned 
and unplanned settlements. 
Wastewater 
§ Total wastewater production at city level (the most recent 
available data was in 2011).  
§ Wastewater methods of treatment at city level (the most 
recent available data was in 2011).  
§ Sewage and greywater should be split and accurately 
quantified by conducting pilot projects in different 
settlements. 
Solid waste 
§ Total solid waste generation at the city level.  
§ Solid waste generation per capita.* 
§ Solid waste composition at the city level and in different 
settlements as it differs from one settlement to another.  
§ Solid waste treatment and disposal methods at city level. 
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N.B. : * Per capita resources consumption and solid waste generation differ from 
one settlement to another based on the density and income level, and access to 
basic services. Data per capita should be accurately measured by conducting 
pilot studies on a smaller scale in different settlements (low, medium and high-
density settlements, formal and informal settlements, and low, middle and high-
income settlements). 
* Some of the above data are available but the findings of this study show that 
they are inaccurate and other data are available but need to be updated such as 




9 Chapter Nine: Conclusion 
9.1 Introduction 
This chapter summarises the conclusion of this study. The potential of employing 
the urban metabolism framework to identify the challenges of resource 
management in different contexts is illustrated. The potential of using mixed 
methods research and multiple sources of data to overcome the lack of reliable 
data for urban metabolism studies in developing countries is outlined. 
Recommendations for future studies are presented.  
9.2 Summary of findings 
Driven by the scarcity of resources and climate change, resource management 
became crucial for urban sustainability in the Global South, where most future 
urbanization will take place. A huge amount of resources are required for 
expanding existing cities and building new cities with sufficient infrastructure 
where greenhouse gas emissions and all types of waste can be controlled to 
reduce environmental impacts.  
Resource management requires quantifying, assessing, and controlling 
the flow of materials and energy resources. The major challenges of such studies 
in the Global South’s cities are related to the difficulty of tracking the flow of 
materials due to the uncontrolled growth of cities, the lack of reliable data at the 
city level, and inconsistency of data collection methods. (Currie et al., 2017). 
The existing literature shows that there is an increasing interest in urban 
metabolism as a concept, particularly in the Global North and China. A variety of 
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methods and tools have been developed and employed by researchers to assess 
the flow of materials of urban areas at different scales (levels). Urban metabolism 
studies identify the deficiencies in urban ecosystems that affect the use and flow 
of resources that can have a great impact on the directions of future decisions for 
urban and infrastructure planning.  
The existing literature on urban metabolism shows a huge gap for such 
studies in the Global South. This research addresses this gap by employing the 
urban metabolism framework to explore the challenges of resource management 
for urban sustainability in developing countries. An example of a rapidly 
urbanizing city in the Global South, Cairo Governorate, the capital of Egypt, was 
selected as a case study for this research. To understand the challenges of Cairo 
Governorate, the same data was collected for the surrounding Governorates of 
Giza and Qalyubia. Cairo Governorate and the urban parts of Giza and Qalyubia 
are the constituent cities of Greater Cairo Region that is considered one of the 
largest megacities in Africa (Kennedy et al., 2015). Additionally, it was important 
to compare the data of the three governorates with the whole country to ascertain 
and quantify, where possible, specific challenges and differences. The data for 
Cairo, Giza and Qalyubia Governorates and the whole country Egypt was 
collected from 2000-2001 to 2016-2017. 
This study customized an existing urban metabolism tool, the multi-layered 
indicator set that was developed by Kennedy et al. (2014), to guide the 
quantitative data collection. Due to the lack of reliable data and the informal 
context of some areas in the selected case studies, the most suitable tool was 
the multi-layered indicator set as it targets data that could be practically collected. 
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It was previously tested in different contexts (the world’s megacities). This study 
was also informed by a number of semi-structured interviews with members from 
public authorities and site visits (low, medium and high-density settlements) to 
gain a better understanding of the challenges of resource management.  
Based on the qualitative and quantitative data analysis of this study, the 
key challenges of resource management of Cairo Governorate that were 
identified are: 
§ The rates of population growth and urbanization of Cairo Governorate exceeds 
its urban carrying capacity. Natural resources, environmental impacts, 
infrastructure and urban services, financial, technical and institutional 
capacities are considered the most important limits of sustainable urban 
development in Cairo Governorate. 
§ The flow of resources of Cairo Governorate are linear flows. Cairo Governorate 
mainly relies on primary resources (inputs of cities) and secondary resources 
(outputs of cities) are not efficiently used to feed them back into the city (see 
Figure 9-1). 
§ Cairo Governorate mainly relies on primary resources (inputs of cities) 
including non-renewable energy resources (natural gas and oil), electricity and 
fresh drinking water. The consumption of these resources has been increasing 
over a period of more than 15 years (2000-2001 to 2016-2017). The production 
and consumption of these resources have been changing over time, based on 
population growth and urbanization, availability of resources, quality of 
infrastructure, access to basic services and the country’s political situation. 
§ Secondary resources (outputs of cities) of Cairo Governorate such as 
wastewater and solid waste are rapidly increasing and are expected to 
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increase in the future. There is a huge potential for the development of sludge-
to-energy, waste-to-energy projects and increase in the use of greywater in 
Cairo Governorate. But major challenges remain: the lack of reliable data; low 
coverage of solid waste collection; the lack of an integrated solid waste 
management system; the existing sanitation networks are not designed to split 
sewage and greywater; limited financial, technical and institutional capacities; 
and hard to shift public behaviour towards solid waste disposal. 
 
Figure 9-1: This figure shows the linear metabolism in Cairo Governorate (A) and 
the suggested circular metabolism (B), (Source: this figure is adapted from 
Agudelo-Vera et al. (2012)).  
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§ Various challenges complicate the process of data collection for 
measuring the actual consumption and production of resources to assess 
and control the use of resources. These include: ageing infrastructure and 
metering systems; the low coverage of waste collection and treatment; the 
high percentage of informal settlements (safe and unsafe) and illegal 
connections of informal settlements, which have a huge impact on the 
quality and losses of the flow of resources in Cairo Governorate. 
§ The flow of resources of Cairo Governorate differ from one place to 
another based on the density and income level of the urban settlements. 
§ Cairo Governorate exploits most of the local resources (mostly primary 
resources) and imports external resources to meet its increasing 
demands. 
§ The population growth and urbanization of Cairo Governorate has a huge 
impact on the local environment and the surrounding environment. The 
population growth of Giza and Qalyubia Governorates has been 
significantly increasing between 2001 and 2016. Their average annual 
population growth rates are higher than Cairo Governorate and the 
average of Egypt. The average annual population growth rates and the 
trends of resources production and consumption of Giza and Qalyubia 
indicate that a huge amount of resources will be required to meet their 
future demands. These surrounding governorates will not be able to export 
resources to Cairo Governorate in the future to meet their own increasing 
demands. 
§ There is a huge potential for renewable energy resources in Cairo 
Governorate. However, they do not fit the local characteristics of Cairo 
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Governorate. Wind energy is not suitable for inner cities, the high-density 
of Cairo Governorate, urban forms (high and short buildings create shaded 
areas that reduce the efficiency of solar panels), most of the buildings’ 
roofs are occupied and the ownership patterns are not identified, the 
existing infrastructure could not operate with different types of energy 
resources and a high percentage of informal settlements (safe and unsafe 
areas) prevent the expansion of distributed renewable energy systems. 
§ Primary resources (such as energy, electricity and drinking water) have 
long been highly subsidised. This delayed the development of renewable 
energy projects and secondary resources (such as solid waste and 
wastewater or greywater). 
Understanding the key challenges of the selected case study for this research, 
providing a better understanding of the common challenges of resource 
management in developing countries. Yet, each city should explore its own 
challenges to provide tailored sustainable urban development strategies that fit 
in the context where they are being developed. 
9.3 The major challenges of resource management in developing 
countries 
The findings of this study suggest that the key challenge of resource 
management in developing countries is the lack of a comprehensive 
understanding of the interplay and interdependencies between resources and 
various flows. This supports the findings of Currie et al. (2017) who employed a 
simple urban metabolism assessment to explore the resource consumption of 
Cape Town. The outcome of Currie et al. (2017) study suggests that any changes 
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occurring in the flow of one of the resources will have impacts on other flows and 
that all resources are interlinked. This leads to the need for an integrated 
approach (integrated analysis of resource nexuses) for resource management 
and infrastructure development (Currie et al., 2017). 
         In addition, the lack of understanding of the existing urban carrying 
capacity of cities and the limits of existing cities from natural resources, 
institutional settings, the existing infrastructure and other components of the 
urban carrying capacity that is necessary to identify the sustainable urban 
development pathways and strategies. As sustainable urban development 
strategies mainly depend on local conditions and the urban carrying capacity of 
cities in which they are being developed, cities have to improve and increase their 
capacities in different ways (see Chapter 2). 
         An integrated approach is required for resource management in the Global 
South to better understand the flow of resources (inputs and outputs of cities) 
within the urban carrying capacity of individual cities and integrating the flow of 
resources (primary and secondary resources) to reduce the environmental 
impacts of urban areas, meet the increasing demand of resources and improve 
cities performance towards sustainable development and achieving Sustainable 
Development Goals (SDGs). Cities can also improve and increase their 
capacities in different ways by: 
§ Reducing the use of non-renewable resources and increasing the use of 
renewable energy resources. 
§ Mitigating their environmental impacts. 
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§ Improving and developing their institutional settings to cope with 
population growth and urbanization. 
§ Developing and upgrading the existing infrastructure (including grid, 
networks and metering systems) to be more flexible (such as upgrading 
the grid to receive different types of renewable energy resources and 
upgrading water networks to make use of greywater), to monitor and 
control the flow of resources, and to reduce losses. 
§ Ensuring the equal distribution of resources and basic services for rural 
and urban settlements to reduce internal migration. 
§ Removing non-renewable energy, electricity and water subsidies: 1) to 
increase the financial, institutional and technical capacities of all sectors, 
including wastewater and solid waste to provide better services and to 
develop the existing infrastructure, 2) to encourage the use of other 
alternative renewable energy resources as their prices will be equal or less 
than non-renewable energy resources after removing subsidies. 
Removing subsidies should be accompanied by creating low-income 
household schemes to avoid poverty. 
         The lack of reliable and accurate data is also considered a major challenge 
for resource management and urban metabolism studies in the Global South 
because resource management requires measuring, assessing and controlling 
the use of resources that includes primary resources (such as renewable and 
non-renewable energy resources and water) and secondary resources (such as 
solid waste and wastewater). The lack of reliable data in the Global South is due 
to the informal flow of materials as a result of illegal connections in the informal 
settlements, methods of data collection being inconsistent (including official 
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statistics and published reports) and data at the city level being usually 
unavailable. This is a common problem in Africa as Currie and Musango (2017) 
outlined that the major challenges of urban metabolism studies in Africa are the 
lack of city-level reliable data, the methods of data collection are inconsistent and 
the complexity of tracking the flow of resources in informal settlements. 
Furthermore, the findings of the study indicate that the available data on 
primary resources (such as energy and water resources) is more accurate than 
the data on secondary resources (such as solid waste and wastewater); this is 
due to the low levels of sanitation and waste collection coverage in developing 
countries specifically in rural areas (covered in Chapters 5, 6 and 7). The scarcity 
of data also affects the quality and quantity of resource management studies in 
the Global South (see Chapter 2). The lack of reliable data has a massive impact 
on the creation of robust urban sustainability strategies tailored to the unique 
characteristics of urban areas and the availability of primary and secondary 
resources. 
9.4 Recommendations for future research 
§ The urban metabolism framework provides a better understanding of the 
flow of resources and the local characteristics of cities and the surrounding 
environment. This could assist decision-makers to manage available 
resources efficiently and reduce the environmental impacts of cities. 
Researchers could conduct urban metabolism studies to identify 
deficiencies of resource management of cities or at different scales.   
§ Existing literature on urban metabolism and material flow analysis indicated 
that most of the case studies are for cities in the Global North and China, 
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and very few cases are explored in the Global South, specifically in Africa. 
Filling this gap in the future is recommended to increase the urban 
metabolism studies in the Global South. This will enable researchers to 
conduct comparative studies and to exchange knowledge of successful 
practices for resource management. 
§ The existing literature on urban metabolism studies shows that many 
researchers have developed a variety of tools to explore the flow of 
resources of cities. This study recommends using the multi-layered indicator 
that was developed by Kennedy et al. (2014) because, it targets data that 
could be easily collected, was successfully tested in previous studies, 
suitable for different contexts, arranges and integrates different types of 
data to assess the flow of resources of cities. 
§ Mixed methods research design is recommended for urban metabolism 
studies to gain a better understanding of resource management in different 
contexts, specifically for cities in the Global South. These cities are facing 
uncommon challenges because the trends of population and urbanization 
growth differ from cities in the Global North. 
§ The findings of this study suggest that it is important when undertaking 
urban metabolism studies in developing countries to collect data from 
multiple sources to overcome the lack of accurate data at the city level.  
§ For future urban metabolism studies, it is recommended to track the flow of 
resources for a longer period of time to identify patterns of resources 
production and consumption. This provides policy and decision-makers with 
more accurate data that enables them to make better decisions for 
sustainable resource management. It is also important to overcome the lack 
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of data and to identify the most accurate data that could be used in urban 
metabolism studies in developing countries (poor data countries). 
§ Researchers should recognize the importance of the missing data and how 
it affects the development of sustainable strategies in developing countries 
and address these gaps in future studies.  
§ The quality of infrastructure and buildings differs from one place to another 
and this has a great impact on the flow of resources within the city. Urban 
metabolism studies, specifically in the Global South should explore the 
quality of the flow of resources within cities not only measuring and 
assessing the quantities of the inputs and outputs of cities. 
§ This study suggests the importance of understanding the existing urban 
carrying capacity of cities and limits of urban development to enable 
decision-makers to promote sustainable interventions strategies to increase 
the capacity of cities without causing environmental impacts and to absorb 
the projected urbanization growth, specifically cities in the Global South.  
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Indicator set for metabolism studies in megacities 
Name of reporter:  e-mail: 
Layer 1: definition of megacity. 
Name of megacity1  
Population (year round residents) 20012  
Population (year round residents) 2006  
Population (year round residents) 2011  
GDP (2001)  
GDP (2006)  
GDP (2011)  
Is there a formal level of government for the metropolitan area? Yes ○ No ○ 
Is there one or more coordinating bodies between constituent cities in the 
megacity? (If yes, give name) Yes ○ No ○ 
Names of constituent cities (i.e. local municipalities)  
1 There is not a universally accepted approach for defining the boundaries of megacities. In 
practice, availability of data will dictate what area is used. Where there is choice, please try to 
use a region with a population of similar magnitude to that in Appendix A. 
2 Alternatively use years 2000, 2005 and 2010 throughout (2001, 2006 and 2011 are census 
years in many countries). 
Layer 2: biophysical characteristics. 
Land area (sq. kilometres) 
Urbanized area (sq. kilometres) 
Heating degree days (18 °C base)1 
Cooling degree days (25 °C base) 
Annual precipitation (mm) 
Annual solar radiation (kW h/m2) 
Building gross floor areas (m2)2 
 Residential 
 Commercial and institutional industrial 
1 HDD and CDD for 2011 can be determined at www.degreedays.net. 
2 Gross floor area includes floor area on all storeys. 
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Layer 3: urban metabolism. 
 2001 2006 2011 Units Source/comments/assumptions 
Energy (stationary)      
 Electricity consumption 
(on-site renewable) 
   GW h  
 Electricity consumption 
(grid) 
   GW h  
 Electrical line losses (or 
non-revenue electricity) 
   GW h  
 Natural gas (excluding 
power generation) 
   TJ  
 Fuel oil (excluding power 
generation) 
   TJ  
 Coal (excluding power 
generation) 




   TJ  
〈add fuels as appropriate
〉 
   TJ  
Energy (mobile)      
 Gasoline    TJ  
 Diesel    TJ  
 Jet Fuel1    TJ  
 Marine Fuel2    TJ  
〈add fuels as appropriate
〉 
   TJ  
Water      
 Consumption    ML  
 Line losses (or non-
revenue water) 
   ML  
 Production    ML  
 Production (surface water)    ML  
 Production (ground water)    ML  
Wastewater      
 Wastewater volume    ML  
 Wastewater loading    kt BOD  
Waste      
 Solid waste disposal on 
land 
   Kt  
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 2001 2006 2011 Units Source/comments/assumptions 
 Waste incineration    Kt  
 
Electricity sources. 
 2001 2006 2011 
Coal %    
Oil %    
Natural Gas %    
Hydropower %    
Nuclear %    
Off-site Wind %    
Off-site Solar %    
〈add sources as appropriate〉 %    
GHG emissions factor1 t CO2 e (GW h) 
   
1 Emissions factor at source of production, rather than per unit of consumption (i.e., excluding 
line losses). 
1 Based on fuel loaded onto planes at major airports either within or serving the megacity. 
2 Based on fuel loaded onto ships at major marine ports of the megacity, if applicable. 
Electricity consumption (2011). 
Residential %  
Commercial/institutional %  
Industrial %  
Transportation %  
Stationary energy consumption (2011; excluding electricity). 
Residential %  
Commercial/institutional %  
Industrial %  




Δ stock) Units Sources/comments 
Building 
materials 
     
 Cement    Kt  









Δ stock) Units Sources/comments 
Food1    Kt  
Other materials      
〈add materials 
as available〉 
   Kt  
1 Exclude packaging (if possible). 
Layer 4: role of utilities (regulation; potential to provide new energy-related 
services). 
Electricity    
Number of local distributors 1–2 ○ 3–5 ○ >5 ○ 
Ownership All public ○ All private ○ Mix○ 
Is there a dominant distributor (i.e., serving >80% of 
market)? Yes ○ No ○ 
 
Number of power suppliers (generators) 1–2 ○ 3–5 ○ >5 ○ 
Ownership All public ○ All private ○ Mix○ 
Is there a dominant supplier (i.e., serving >80% of 
market)? Yes ○ No ○ 
 
Is there an independent regulator?1 Yes ○ No ○  
Feed in tariffs Yes ○ No ○  
Other incentives for renewables (e.g., tax breaks, cash 
subsidies, green certificates) Yes ○ No ○ Type 
Number of electric vehicles  Unknown ○  
Number of electric vehicle charging points  Unknown ○  
Number of buildings with PV  Unknown ○  
% of consumption from independent generators  Unknown ○  
    
Natural gas    
Number of local distributors 1–2 ○ 3–5 ○ >5 ○ 
Ownership All public ○ All private ○ Mix ○ 
Is there an independent regulator? Yes ○ No ○  
Number of natural gas vehicles  unknown ○  
    
District heating or cooling    
Number of district heating or cooling distributors 1–2 ○ 3–5 ○ >5 ○ 
Ownership All Public ○ All Private ○ Mix ○ 
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Electricity    
% Of city heating/cooling consumption from district 
schemes unknown ○ 
  
    
Water    
Number of local distributors 1–2 ○ 3–5 ○ >5 ○ 
Ownership All Public ○ All Private ○ Mix ○ 
Is there an independent regulator? Yes ○ No ○  
    
Quality of service    
% Of households without direct access to water    
% Of households without direct access to drinkable 
water 
   
% Of households without sewage    
% Of waste water subject to treatment    
% Of households living in areas without public waste 
collection 
   
% Of households without grid electricity connection    
Average number of hours per year without electricity 
supply, planned or unplanned 
   
    
Wastewater (if different from water)    
Number of local collectors 1–2 ○ 3–5 ○ >5 ○ 
Ownership All public ○ All private ○ Mix ○ 
    
ICT    
% Of population with access to internet    
% Of population using mobile phones    
Open format question    
Please identify any significant changes in the regulation, 
functioning or structure of utilities in the megacity (in the 
past few years) that supports sustainable urban 
development? 
   




Title of Project: Integrated Resource management for Urban Sustainability in 
the Global South's Megacities (case study: Cairo, Egypt) 
Yesmeen Khalifa, y.a.khalifa@keele.ac.uk 
Dear Potential Participant, 
My name is Yesmeen Khalifa and I am a PhD student at Keele University carrying 
out research about integrated resource management for urban sustainability in 
the Global South's megacities (case study: Cairo, Egypt). I’m writing to invite you 
to participate in a semi-structured interview. You have been contacted because 
you are either involved in environmental development projects; or the energy 
sector; renewable or non-renewable energy resources; electricity sector; or the 
waste management sector. 
If you are willing to participate, you will be interviewed by the researcher. The 
researcher will ask you some questions relevant to your experience of working in 
the field of environmental development projects; or the energy sector; renewable 
or non-renewable energy resources; or the waste management sector in Cairo. 
The interview will be audio recorded. The interview will last approximately 
45minutes to 1 hour. The interview will be held at your workplace at a time of your 
convenience. There are no direct benefits to taking part in this interview. 
However, your participation will help the researcher to gain a better 
understanding of the drivers and barriers of resource management in Cairo. You 
are free to decide whether you wish to take part or not.  If you do decide to take 
part, you will be asked to complete a consent to sign before the interview. You 
are free to withdraw from this study at any time and without giving reasons before 
I send you, the transcription of the interview for approval. Any interview data will 
be destroyed.    
With this email I have attached a copy of the information sheet for the interview 
and a sample consent form. If you agree to participate, you will receive a similar 
one to sign before the interview. After you have had time to read these please 
consider if you would like to participate in the research project. I will follow up by 
e-mail within two weeks to find out if you would like to take part. I can also answer 
any questions you may have via e-mail on (y.a.khalifa@keele.ac.uk). 
Thank you for your time, 




For Semi-structured Interviews 
Study Title: Integrated Resource management for Urban Sustainability in the 
Global South's Megacities (case study: Cairo, Egypt) 
Invitation 
You are being invited to consider taking part in the research study Integrated 
Resource management for Urban Sustainability in the Global South's Megacities 
(case study: Cairo, Egypt). This project is being undertaken by Yesmeen Khalifa. 
Before you decide whether or not you wish to take part, it is important for you to 
understand why this research is being done and what it will involve. Please take 
time to read this information carefully and discuss it with friends and relatives if 
you wish. Ask us if there is anything that is unclear or if you would like more 
information.  
Aims of the Research 
The focus of research for this study is how to better understand complex issues 
in resource management in Cairo (Egypt), as an example of a rapidly urbanizing 
Global South megacity. The increasing demand of energy resources and the 
growth of solid waste present considerable challenges for sustainability in Cairo. 
The aim of this study is to outline the potential for measuring the flow of materials 
for the creation of robust urban sustainability strategies for a fast-growing 
megacity Cairo.  
Why have I been invited? 
You have been invited to be interviewed because you are either involved in 
environmental development projects; or the energy sector; renewable or non-
renewable energy resources; electricity sector; or the waste management sector. 
Do I have to take part? 
You are free to decide whether you wish to take part or not.  If you do decide to 
take part, you will be asked to complete a consent to sign before the interview. 
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You are free to withdraw from this study at any time and without giving reasons 
before I send you, the transcription of the interview for approval. Any interview 
data will be destroyed.    
What will happen if I take part? 
You will be interviewed by the researcher. The researcher will ask you some 
questions relevant to your experience of working in the field of environmental 
development projects; or the energy sector; renewable or non-renewable energy 
resources; or the waste management sector in Cairo. The interview will be audio 
recorded. The interview will last approximately 45minutes to 1 hour. The interview 
will be held at your workplace at a time of your convenience.   
What are the benefits (if any) of taking part? 
There are no direct benefits to taking part in this interview. However, your 
participation will help the researcher to gain a better understanding of the drivers 
and barriers of resource management in Cairo. 
What are the risks (if any) of taking part? 
There are no risks of taking part. However, you will be able to withdraw from the 
study by emailing the researcher Yesmeen Khalifa y.a.khalifa@keele.ac.uk or Dr 
Sharon George the lead supervisor s.m.george@keele.ac.uk at any time before 
I send you, the transcription of the interview for approval. All participants will not 
be identified. After the interview, all participants will be asked again if they would 
like to withdraw and destroy the data or if they are happy with what they have 
said, and the collected data can be used. 
How will information about me be used? 
The researcher will use the information from the interview to gain a better 
understanding of resource management in Cairo specifically drivers and barriers. 
All participants will not be identified. 
Who will have access to information about me? 
The researcher Yesmeen Khalifa and research supervisors’ Dr Sharon George 
and Dr Philip Catney will have access to the information collected in this study. 
However, the data will never be linked to any identifying characteristics and will 
be anonymous when the data is analysed.  The data from this study will be kept 
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on a password protected computer and the audio recording of the interviews will 
be deleted. 
I do however have to work within the confines of current legislation over such 
matters as privacy and confidentiality, data protection and human rights and so 
offers of confidentiality may sometimes be overridden by law. For example, in 
circumstances whereby I am concerned over any actual or potential harm to 
yourself or others I must pass this information to the relevant authorities. 
Who is funding and organising the research? 
The research is funded by Keele University in the United Kingdom. 
What if there is a problem? 
If you have a concern about any aspect of this study, you may wish to speak to 
the researcher who will do her best to answer your questions. You should contact 
Yesmeen Khalifa on (y.a.khalifa@keele.ac.uk). Alternatively, if you do not wish 
to contact the researcher you may contact: 
Dr Sharon George MRSC 
Course Director for MSc Environmental Sustainability and Green Technology, 
and Sustainability Hub Manager  
Faculty of Natural Sciences PGT Director  
Keele University Sustainability Hub  
Home Farm  
Keele University  
ST5 5AA 
E-mail: s.m.george@keele.ac.uk 
Tel: +44 (0)1782 733986 
If you remain unhappy about the research and/or wish to raise a complaint about 
any aspect of the way that you have been approached or treated during the 
course of the study please write to Nicola Leighton who is the University’s contact 
for complaints regarding research at the following address:- 
Nicola Leighton 
Research Governance Officer 
Directorate of Engagement and Partnerships 
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IC2 Building  
Keele University  
ST5 5NH 
E-mail: n.leighton@ keele.ac.uk 
Tel: 01782 733306 







Title of Project:  Integrated Resource management for Urban Sustainability in 
the Global South's Megacities (case study: Cairo, Egypt) 
Name and contact details of Principal Investigator: 
Yesmeen Khalifa 
PhD Student 
William Smith Building 
Keele University  
Staffordshire 
ST5 5BG 
Tel: 01782 733620 
Email: y.a.khalifa@keele.ac.uk 
Please initial box if you  
agree with the statement 
1. I confirm that I have read and understood the information sheet 
dated 19/12/2017 (Version no.2) for the above study and have  
had the opportunity to ask questions 
2. I understand that my participation is voluntary and that 
I am free to withdraw at any time 
3. I agree to take part in this study. 
4. I agree to allow the dataset collected to be used  
for future research projects* 
5. I agree to be contacted about possible participation 
in future research project* 
 
_____________________





























(For use of quotes) 
Title of Project: Integrated Resource management for Urban Sustainability in 
the Global South's Megacities (case study: Cairo, Egypt)  
Name and contact details of Principal Investigator: 
Yesmeen Khalifa 
PhD Student 
William Smith Building 
Keele University  
Staffordshire 
ST5 5BG 
Tel: 01782 733620 
Email: y.a.khalifa@keele.ac.uk 
Please initial box if you 
agree with the statement 
 
1. I agree for my quotes to be used 
 
2. I do not agree for my quotes to be used  
 
_____________________



















Semi-structured Interview Questions 
Cairo Governorate 
Public Authority of Cleaning and Beautification of Cairo 
Department of Waste Collection 
1. Cairo Governorate produces about 15,000 tons of solid waste every day. 
How is this waste being managed within Cairo Governorate?  
2. Official statistics show that the amount of waste will increase in the future 
due to the rapid population growth. What actions have been taken to face 
this increase in the future? 
3. What are the main goals of the Department of Waste Collection in Cairo? 
Is it focused on waste collection only or treatment and recycling as well? 
4. What are the barriers (social, technical, economic aspects) that prevent 
the implementation of an integrated sustainable waste management 
system to improve the overall performance of this sector? 
5. What kind of actions are taken to overcome these barriers? 
6. Have you ever thought that a mega-city like Cairo can be considered as a 
producer of secondary (output) resources (example: organic waste)? 
7. Organic waste represents about 60% of Cairo’s total municipal solid 
waste. Organic waste can be treated by anaerobic digestion to produce 
biogas, which is a renewable resource of energy. To maximise the use of 
organic waste, solid waste must be split into two categories wet and dry. 





Semi-structured Interview Questions 
Cairo Governorate 
Department of Environmental Affairs 
 
1. What are the main goals of the Department of Environmental Affairs in 
Cairo? 
2. What are the drivers of these goals? 
Ø Are they driven by improving the overall environmental conditions 
in Cairo (Reducing pollution levels, CO2 emissions etc.)?  
Ø Or commitment to international and regional agreements? 
Ø Or resource scarcity and the need to provide alternatives? 
3. What kind of actions have been taken to meet these targets in Cairo 
Governorate? Are they achievable? 
4. What are the barriers (social, technical, economic aspects) that prevent 
the achievement of these targets? 
5. What kind of actions are taken to overcome these barriers? 
6. Is the Department of Environmental Affairs involved in the waste 
management process within Cairo Governorate? 
7. Methane (CH4) is worse than the CO2 emissions, capturing the CH4 from 
organic waste which is usually left without treatment can have a great 
impact on improving the environmental conditions in Cairo, is it one of the 
targets of the Department of Environmental Affairs? 
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8. Do you think efficient resource management can participate in the process 
of improving the sustainability performance of Cairo? 
9. Have you ever thought that a mega-city like Cairo can be considered as a 




Semi-structured Interview Questions 
NREA (New and Renewable Energy Authority) 
1. What are the main goals of the NREA (New and Renewable Energy 
Authority)? 
2. In October 2016, the Supreme Council of Energy adopted the Egyptian 
Energy Strategy, which aims to increasing the share of renewable energy 
resources to 37.2% by 2035. The share of renewable energy resources 
will be; nuclear power 8.8%, concentrated solar power 7.6%, photovoltaic 
cells 11.8%, wind power 14.6% and hydro power 3.2%. Is this target 
achievable? 
3. Do you think we can exceed this target? 
4. Do you think the treatment of organic waste by anaerobic digestion to 
produce biogas, which is a renewable energy resource, can be considered 
one of the alternatives of natural gas? 
5. What are the barriers (social, technical, economic aspects) that prevent 
the implementation of renewable energy resources projects in Egypt?  




Semi-structured Interview Questions 
Holding Company for Water and Wastewater 
 
1. Nowadays, there is an increase in the water demand, due to the rapid 
population growth and the scarcity of water resources, what decisions have 
been taken to reduce the water consumption as a first step? 
2. What is the role of the Holding Company for Drinking Water and 
Wastewater? 
3. How is the wastewater managed with the lack of sanitation services 
specifically in the rural settlements? 
4. The target of the “2030 Strategic Vision of Treated Wastewater Reuse in 
Egypt” is to reach 100% sanitation coverage. They will upgrade the existing 
primary treatment plants to secondary treatment plants, and they will keep 
the existing tertiary treatment plants. In addition, all the new sanitation 
treatment plants will be secondary treatment plants. Is this an achievable 
target? 
5. As a long-term vision how is the government going to meet the increasing 
demand of drinking water? 
6. Is there any kind of public awareness to reduce the water consumption? 
7. Is the service of drinking water subsidized, if yes, is the government 
planning to remove these subsidies in the future? 
8. How will the government finance the sanitation projects to reach 100% 
coverage? 
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9. Does the government have any plans to use the wastewater (sewage) to 
generate electricity?  
10. Does the water sector in Egypt have an effective role to reduce the pollution 
levels of the water resources that are mainly caused by the untreated solid 
waste? 
11. Are there any laws to protect the water resources in Egypt from pollution? 
12. What are the barriers that prevent achieving the targets of the Holding 
Company? 
13. Do the illegal connections in the informal settlements affect the existing 
drinking water and sanitation networks?  
14. Is the government responsible to provide the informal areas with drinking 
water and sanitation services even if they are illegal areas?  





ETHICAL REVIEW PANEL 
APPLICATION FORM (STAFF AND PGR STUDENT RESEARCH 
PROJECTS) 
 
Section A - Applicant’s details 
A1 Project title  Integrated Resource 
Management for Urban 
Sustainability in the Global 
South’s Megacities 
(Case Study: Cairo-Egypt) 
A2 Name of researcher Yesmeen Khalifa 
A3 Research Institute or School School of Geography, Geology 
and the Environment 





A5 Keele E-mail address y.a.khalifa@keele.ac.uk 
A6 Work telephone number Tel: 01782 733620 
A7 Type of application PGR 
A8 Please give supervisor name and 
contact details if PGR application 
Name: Sharon George 
School: School of Geography, 
Geology and the Environment 
Office: William Smith Building 
WSF13A 
Tel: +44 1782 7 33986 
Email: s.m.george@keele.ac.uk 
A9 Project start date 19/09/2016 
A10  Project end date  19/09/2020 
A11 If project is externally funded please 
provide details of the funder  
Keele University 
 
Section B – Applications considered suitable for light touch review. 
ERP applications where research activities are limited to the following categories would be 
considered to have no material ethical issues and would be deemed suitable to be categorised 
for light touch ethical review.   Please indicate if your research activities fit into one more of the 
following categories by ticking the relevant boxes.    
 
Applications indicating that the research activities fit into one or more of the following categories 
will be flagged on the ERP agenda ‘for light touch review’ by the ERP Administrator.  The 
application will receive minimal discussion at the ERP meeting, unless, in preparation for the 
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meeting an ERP member(s) consider the application to be incorrectly categorised.  In such 
circumstances the ERP member(s) must state at the beginning of the meeting that they consider 
the application to be incorrectly categorised and the reason(s) why and request that the 
application receives full discussion at the ERP meeting.   
 
Category Research Type Tick 
1 Research collecting or using human data12 or human 
biomaterial13 that is anonymous to the researcher (where 
data/tissue is received from third parties remember to attach 
relevant documents from/with the third party). 
 
2 Research using existing human data1 or human 
biomaterial2 already taken with consent for research (where 
data/tissue is received remember to attach relevant documents 
describing provenance (eg consent, source etc). 
 
3 Research using commercially obtained human biomaterial2 
(remember to attach relevant documents describing provenance 
(eg consent, source etc)). 
 
4 Questionnaire research that does NOT include highly 
sensitive areas and/or where accidental disclosure would 
NOT have serious consequence.  
 
5 Interviews or focus groups that do not include highly 
sensitive areas and/or where accidental disclosure would 
NOT have serious consequence. 
Yes 
6 Minimally invasive science studies involving consenting 
adult volunteers eg research activities that would not cause 
participants any more harm or distress (physical or 
psychological) than would be experienced in the course of 
everyday life. 
 
7 Other research which does not have any ‘material ethical 
issues’. 
 
Section C - Project details 
C1 In lay terms provide a brief summary of the project including the background and 
rationale for the proposed research and the hypotheses or research question(s) 
(max 500 words). 
• The focus of research for this study is how to better understand 
complex issues in resource management in Cairo (Egypt), as an 
example of a rapidly urbanizing Global South megacity. The 
increasing demand of energy resources and the growth of solid 
waste present considerable challenges for sustainability in Cairo.  
 
12 Includes primary data originating from human subjects (eg anonymous questionnaires); and 
the use of secondary data, which originated from or is about human subjects, which was initially 
provided for other purposes (eg other research projects or organisational datasets). 
13 Anything that originates from a human subject including:- cells; tissues; organs; bodily fluids 
(eg blood, plasma, spinal fluid); secretions and excretions (eg breath, urine); outgrowths (eg 
hair, nail, teeth). 
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• The aim of this study is to outline the potential for measuring the 
flow of materials for the creation of robust urban sustainability 
strategies for a fast-growing megacity Cairo. The research 
considers cities both as consumers of primary (input) resources 
(for example, fossil fuels, renewable and non-renewable 
resources) and producers of secondary (output) resources (for 
example, waste and sewage). With the growth of urbanization 
secondary resources will increase due to the growth of human 
activities (Agudelo-Vera et al., 2012). These resources will be 
examined in the proposed study by using an existing “multi-layered 
indicator set” tool (Kennedy et al., 2014) which will involve 
collecting and inputting existing published data from government 
documents and will involve filling gaps and providing context to 
published data with interviews with appropriate leaders in Egypt. 
This will test the suitability and applicability of this existing tool to 
understand the unique characteristics of Cairo, drivers and barriers 
to sustainable resource management.  
Research questions: 
1. What are the main characteristics of Cairo (case study) that 
affect the flow of materials (energy and waste)? 
2. Does the “multi-layered indicator set” developed by Kennedy et 
al. (2014) work in the context of Cairo? 
3. How is the flow of materials (energy and waste) in Cairo related 
to its sustainability performance? 
4. What institutional, economic and social factors explain the 




C2 In lay terms outline the type of procedure(s) and/or research 
methodology (eg observational, questionnaire, interviews, 
experimental) to be employed (max 500 words).   
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Research design and methods: 
The research will utilise two principal data gathering methods: 1) a 
quantitative data collection to fill a multi-layered indicator set; and 2) 
qualitative interviews with representatives from public authorities to 
explore the drivers and barriers to resource management. The 
research is guided by a mixed methods research approach. 
Specifically, the research will involve collecting and analysing existing 
published quantitative data and will use social science methods to 
collect qualitative data through semi-structured interviews. Mixed 
methods research combines qualitative and quantitative methods in 
one study to collect multiple forms of data that leads to a better 
understanding of the research problem and questions (Creswell, 
2014). 
1. Multi-Layered Indicator Set (linked to answering Research 
Question 2) 
The proposed research will use a ‘multi-layered’ indicator set of 
material throughput studies in megacities (Appendix 1). The 
indicator set was developed by Kennedy et al., (2014) to collect data 
on (spatial boundaries, constituent cities, population, economy), 
biophysical characteristics (climate, population density, building floor 
area), and metabolic flows (water, waste, materials, and all types of 
energy) of megacities. It also addresses the role of utilities in the 
provision of services and regulatory actions that, along with public 
governance, may influence (and/or control) the flow of materials.  
This ‘multi-layered’ indicator set guides the collection of data that 
can be used for the comparison of material flows of megacities. 
Kennedy et al., (2014) showed that there were no available studies 
of material throughout (“urban metabolism”) for most of the 
megacities located in the Global South.  
The proposed study will use a quantitative approach to collect 
numerical data and information relevant to the physical flows of 
resources and wastes through megacities. 
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This study will collect the quantitative data from secondary data 
resources: 
- Official statistics (for example, recent reports published by the 
government that include data about the population in Cairo, 
GPD, primary energy resources, energy mix, electricity 
consumption, waste generation, treatment and collection 
percentages, etc.)  
- Previous studies that include the availability and potential of 
renewable energy resources.  
2. Semi-structured Interviews (linked to research questions 1, 3 and 
4) 
The proposed study will use a qualitative approach to gain a better 
understanding of the complex factors that affect decision-making 
and drivers and barriers to the efficient flow of materials in Cairo. 
The interviews will examine the role of utilities and other public 
institutions in the provision of services and regulatory actions that 
may influence resource management in Cairo.  
This study will collect the qualitative data from primary data 
resources: interviews and site visits.  
§ Semi-structured interviews will be conducted with members of the 
Ministry of Environment, Egyptian Environment Affairs Agency, 
the Ministry of Electricity and Renewable Energy, NREA (New 
and Renewable Energy Authority) and members of local 
authorities within Cairo Governorate to gain a better 
understanding of the context in which infrastructure exists and 
decisions are made. The researcher will conduct semi-structured 
interviews (face-to-face). Handwritten notes will be taken and the 
interviews will be audio recorded for transcription.  The 
information letter, interviewees’ invitation, consent and the lists of 
open-ended questions will be translated to Arabic (attached). 
(Informs answers to Research Questions 1 and 4) 
§ Site visits (observation without participation) will be also important 
to study the physical environment that affects and results from the 
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flow of materials in Cairo. The selection of site visits will be based 
on the density of settlements: low, middle and high-density 
settlements. The researcher will take field notes and 
photographs. (Informs answers to Research Question 3) 
 
 
If your research project involves a phased approach then each phase 
can be applied for separately. Please note, each phase will need to be 
reviewed by the initial reviewing ERP.  
 
Diagrams or flow charts that would aid clarification of the research 
should be attached if appropriate (these attachments will not be 
included in the word count). 
 
Remember to attach questionnaire or interview questions.  Remember 
some questionnaires may need permission for use 
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C3 Describe the characteristics of the participant group, the inclusion and 
exclusion criteria, and information about payments to participants if 
appropriate. Indicate the sample size, with an explanation of how this 
sample size was decided/calculated. 
 
Ø The participants of the semi-structured interviews were selected 
by a purposive sampling strategy which targets key policy actors 
who are representatives of five policy sectors which constitute key 
elements of the “multi-layered indicator set.” It is expected that 
these individuals can provide insight into relevant strategic and 
operational factors needed to provide context to published 
quantitative data.  
Ø The researcher will send an invitation to interview potential 
participants by email with an information sheet attached to explain 
the project. A consent form will be administrated before the 
interview commences. Interviews will be undertaken at the 
workplace of the interviewees. An information letter, interviewee 
invitation, consent form and a list of open-ended questions are 
attached. 
Ø The semi-structured interviews will be conducted to collect primary 
data resources with:  
1. Ministry of Environment: (technical office) 
The ministry’s role: 
- Drawing up the general policy and preparing the necessary 
plans for the preservation and development of the 
environment and follow-up implementation in coordination 
with the administrative authorities. 
- The national authority for the promotion of environmental 
relations between Egypt and other countries, international and 
regional organizations. 
- Recommending legal measures to join international and 
regional conventions related to the environment and preparing 
draft laws and decisions necessary for the implementation of 
these agreements. 
2. Egyptian Environment Affairs Agency: (department of 
climate change)  
The agency’s role includes: 
- Preparation of draft laws and decisions related to the 
preservation of the environment. 
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- Conducting studies and drafting the national plan for 
protecting the environment and required projects and setting 
the necessary standards in planning and development.  
- Setting up and enforcing the standards and requirements for 
construction. 
- Follow-up on the field to implement the standards and 
requirements that the agencies and establishments are 
committed to implement and take the procedures that the law 
provides against violators of these standards and conditions. 
- Establishes the rates, percentages and the specific loads of 
pollutants and ensure compliance with them. 
- Environmental planning, monitoring, regulation and 
enforcement and governance including financial planning, 
education and training, and international engagement. 
3. The Ministry of Electricity and Renewable Energy: 
(department of technical planning) 
The ministry’s role:  
- Sets and implements policies and plans in the fields of 
electricity generation, transmission and distribution.  
- Monitors activities to provide electrical power to support 
government’s plans around social and economic 
development.  
- Suggests tariff of electrical power to the cabinet. 
- Supervises study and implementation of important electrical 
projects. 
- Provides the technical support, consultancy and experience to 
Arab countries in the electrical field. 
4. NREA (New and Renewable Energy Authority): 
The NREA’s role: 
- Quantifies and assesses all types of energy resources. 
- Conducts R&D studies to develop the use of renewable 
energy resources.  
- Implements renewable energy projects. 
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- Develops standard specifications, assesses and issues 
certificates for renewable energy equipment and systems. 
- Provides technical consultations for all types of renewable 
energy projects. 
- Development of local manufacturing capacity for renewable 
energy equipment. 
- Provides information services and training in the field of 
renewable energy resources. 
5. Cairo Governorate:  
a) Department of Environmental Affairs: 
The role of the Department of Environmental Affairs: 
- Participates in the preparation of the national environmental 
protection and emergency plan. 
- Prepares the environmental protection plan and 
environmental report for Cairo Governorate. 
- Collects environmental information, monitors pollution sources 
and prepares environmental maps. 
- Coordinates to regulate hazardous materials in Cairo 
Governorate. 
- Deals with complaints from the public regarding 
environmental problems. 
- Addressing offenses e.g., related to waste and protection of 
wildlife and beaches. 
b) Public Authority of Cleaning and Beautification of Cairo: 
(department of waste collection) 
The role of the Public Authority of Cleaning and Beautification of 
Cairo: 
Provision of cleaning services at the level of Cairo Governorate; 
- Supervises the companies working in the cleaning sector in 
different regions. 
- Carries out direct cleaning works through Al-Fustat National 
Company, which includes residential and commercial refuse 
collection. 



















Will the research involve deceased persons, body parts or other human elements  
such as blood, hair or tissue samples (including saliva and waste products)?               
Yes   ☐      No ☒ 
 
if yes, please discuss this project with Dr Alan Harper, Human Tissue Officer on 01782 
674472 / 734654 or e-mail a.g.s.harper@keele.ac.uk.  Please cite the reference number 
given by Dr Harper for this research project below;- 
 
Reference number:  
 
 
If yes, please give details with reference to the Human Tissue Act 2004. 
 
 

































Will the research involve administrative or controlled data that requires permission for 
access to and use of the dataset(s)? Remember to attach information evidencing the 
provenance of and consent for the use of the dataset(s)                                                                                               
Yes   ☐      No ☒                                                                                                                                 
                                                                                                                                        
Will the research involve social media as a medium for the research (eg access to 
posts from discussion forums for research purposes)                                                                                      
Yes   ☐      No ☒                                                                                                                               
 
Will participants or other individuals be identified in the material used or generated (eg 
visual or vocal methods producing images or sounds, or interviews with elite 
individuals who may be identifiable)? 
                                                                                                                                      
Yes   ☐      No ☒             
 
Will the research involve raising issues of a sensitive nature where individuals are 
required to reveal personal information about matters such as their personal lives, 
illegal behaviour, sexual orientation, etc?                                                                                                                               
Yes   ☐      No ☒ 
                                                                                                                                           
Will the research involve the administration of substances to participants or involve 
intrusive or potentially harmful procedures of any kind (eg vigorous exercise that they 
would not normally undertake in the course of everyday life)?                                                                                     
Yes   ☐      No ☒ 
                                                                                                                                        
Are there any potential risks to participants and members of the research team that 
involve more than minimal levels of risk of harm or discomfort (including physical harm, 
psychological or emotional distress)?                                                                                                                      
Yes   ☐      No ☒ 
 
Will the research involve access to, collection of, and/or storage of materials that;                                                                                                          
 
Are covered by the Official Secrets Act or Terrorism Act?                                           
Yes   ☐      No ☒ 
Are commissioned by the military?                                                                               
Yes   ☐     No ☒ 
Are commissioned under an EU security call?                                                             
Yes   ☐      No ☒ 
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Involve the acquisition of security clearances?                                                             
Yes   ☐      No ☒ 
Concern terrorist or extreme groups?                                                                           
Yes   ☐      No ☒  
                                                                           
If you have ticked yes to any question in C10 you are asked to register your project with the University via 
http://www.keele.ac.uk/researchsupport/researchgovernance/securitysensitiveresearchmaterial/.  The 
University supports its researchers in undertaking research using security sensitive material (ie the above 
categories) but takes seriously the need to protect them from the misinterpretation of intent by the 
authorities. Therefore, registration of research enables the University to have oversight and demonstrate to 










Will the research have potential safety risks for members of the research team?        
Yes   ☐      No ☒  
 
Is the research participatory action research?                                                              
Yes   ☐      No ☒ 
 
 
For all applications, outline all potential risks to participants and members of the 
research team and the measures that will be taken to minimise risk; and the 
procedures that will be adopted in the event of an adverse event.  
 
There are no potential risks for researcher or participants. 
 
 
























Will the research be undertaken overseas?                                                                 
Yes   ☒      No ☐ 
 
a)   If yes, have you consulted the foreign and commonwealth office website for  
      guidance/travel advice and is it safe to travel there?                                               
Yes   ☒     No ☐         
 
b)   If yes, have you completed and submitted a risk assessment form?                     
Yes   ☐     No ☒ 
 
I did not fill the risk assessment form because my travel dates are not confirmed yet. 
This will be completed when the travel dates are confirmed. 
 
 
c)    If yes, are you aware of the political sensitives and issues of local practice in the 
region where the      
       research will be carried out?                                                                                  
Yes   ☒     No ☐ 
 
       If yes, outline the details and how these issues will be addressed:- 
 
There is a heightened threat of terrorist attacks targeting some places in 
Egypt (North Sinai and South Sinai) https://www.gov.uk/foreign-travel-
advice/egypt. These places are far away from Cairo Governorate where 
I will be conducting the semi-structured interviews and the site visits. 
However, it is worth mentioning here that I am originally from Egypt, I 
have an Egyptian passport and I lived there for more than 25 years. I 
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visited many informal settlements within Cairo Governorate during my 
undergraduate and Master degree studies. I also worked there since I 
graduated in 1999 until 2013 before I move to UK with my family. I 
worked as an interior designer for the Housing and Developing Bank in 
Egypt, then as a site engineer and then I moved to the technical office in 
the same Bank. In 2007, I started a private business for 6 years and 
finally I worked as an Executive Manager at an International British 
school in Egypt for two years. Being Egyptian I am totally familiar with 
the social aspects, traditions and how to deal with people in different 
situations. In addition, I will review and adhere to Foreign Office advise 
(https://www.gov.uk/foreign-travel-advice/egypt).  
 
Foreign and Commonwealth Office travel advice website: https://www.gov.uk/foreign-travel-
advice 
 












Will the research involve vulnerable groups eg children, or people with a learning 
disability or cognitive impairment or those in unequal relationships (eg your own 
students)?  
                                                                                                                                      
Yes   ☐      No ☒                                                                                
 
If yes, explain how you will ensure that appropriate consent to participate in this study 
will be obtained. 
 
 
D21 Will participants be deceived in any way as part of the study?                                     
Yes   ☐      No ☒                              
If yes, describe the nature and extent of deception involved, including how and when 





















Will the co-operation of a gate keeper be required for initial or continued access to 
participants such as employees recruited through their work place, adult 
professionals (eg those working with children or the elderly) or research in 
communities (in UK or overseas) where access to participants is not possible 
without the permission of another adult (eg parent or spouse of participant) or a 
community leader.  
                                                                                                                                        
Yes   ☒      No ☐ 
 
Indicate how potential participants will be identified, approached and recruited and 




































Information sheets will be sent by e-mail to the ministries’ and Cairo 
Governorate’s official e-mails to explain my project and ask for contact 
details of members from the selected departments to participate in the 
semi-structured interviews.  
1. Ministry of Environment: 
Address: 30 Misr Helwan El-Zyrae Road, Maadi, 
Cairo, Egypt  
Phone: (202) 25256452 
Fax: (202) 25256490   
Email: eeaa@eeaa.gov.eg 
Website: www.eeaa.gov.eg 
2. Egyptian Environment Affairs Agency: 
Address: 30 Misr Helwan El-Zyrae Road, Maadi, 
Cairo, Egypt  
Phone: (202) 25256452 
Fax: (202) 25256490   
Email: eeaa@eeaa.gov.eg 
Website: www.eeaa.gov.eg 
3. The Ministry of Electricity and Renewable Energy: 
Address: Ramsis St. Abbassia, Cairo 
Phone: 22624537 -24032284 
Fax: 22624537 -24032284 
E-mail: mediadep.moee@gmail.com 
Website: www.moee.gov.eg 
4. NREA (New and Renewable Energy Authority): 
Address: Dr. Ibrahim Abu El-Naga, Abbass El- Aqqad, 
Elzhour district, Madinat Nasser. 
Phone: (202) 22713176 
Fax: (202) 22717173 
Email: reic@nreaeg.com 
Website: www.nrea.gov.eg 
5. Cairo Governorate: 
Address: 7 Gomhoria St, Abdin Square. Post box: 22 Cairo 
Central 
Phone: (202) 23907754 
E-mail: cairogov@Cairo.gov.eg 
Website: www.cairo.gov.eg   
6. Department of Environmental Affairs: 
Address: 7 Gomhoria St, Abdin Square. Post box: 22 Cairo 
Central 
Phone: (202) 23907754 
E-mail: cairogov@Cairo.gov.eg 
Website: www.cairo.gov.eg   
7. Public Authority of Cleaning and Beautification of Cairo: 
Address: 23 July buildings, building no 3B, Abbassia 
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Phone: (202) 24842031 
Fax: (202) 26744646 
E-mail: purity@cairo.gov.eg 
Website: www.cairo.gov.eg   
Then I will send invitations (e-mails) to approach participants 
individually, arrange a meeting to conduct the interview and a 
consent form will be given to the participants to sign before the 
interview. 
The information sheet, invitations (e-mails) and the consent forms 





If the research is using existing dataset(s) or human biomaterial received from 
third parties, including commercially obtained biomaterial, please provide 
information describing the provenance (eg source and consent).  Remember to 





Remember to attach copies of posters, advertisements, invitation letters/e-mails to be used 





E4 Describe the process that will be used to seek and obtain informed consent. 
 
Information sheets will be sent by e-mail to the ministries’ and Cairo 
Governorate’s official e-mails to explain my project and ask for 
contact details of members from the selected departments to 
participate in the semi-structured interviews. Then I will send 
invitations (e-mails) to approach participants individually, arrange a 
meeting to conduct the interview and a consent form will be given to 
the participants to sign before the interview. 
The information sheet, invitations (e-mails) and the consent forms will 
be translated to Arabic.  
 
Remember to attach your information sheet and consent form with versions numbers and 
date included in the footer 






Will consent be sought to use the data for other research?                                           
Yes   ☐      No ☒ 
 
Will consent be sought to contact the individual to participate in future research?        







Can participants withdraw from the research?                                                               
























If yes, state up to what point participants are able to withdraw from the 
research 
 
The deadline for participants to withdraw from the research is when 
I send the interviewees transcriptions of interviews for approval.  
 
If yes, outline how participants will be informed of their right to withdraw, how 
they can do this and what will happen to their data if they withdraw. 
 
Participants will be informed in the information sheet and will be 
reminded verbally before the interview if they wish to withdraw 
from the research. If they choose to withdraw from the study all 
data will be destroyed. And they can withdraw at any time after 
the interview by emailing the researcher Yesmeen Khalifa 
(y.a.khalifa@keele.ac.uk) or the lead supervisor Dr. Sharon 
George (s.m.george@keele.ac.uk) or Research Governance 








SECTION F - Confidentiality and anonymity 
F1 Outline the procedures that will be used to protect, as far as possible, the 
anonymity of participants and/or confidentiality of data during the conduct of the 
research and in the release of its findings. 
 
All quotes will be anonymised, participants will not be identified in 
the transcription and if a name was mentioned during the interview, 
the transcription will be modified to hide the name. The recordings 
of the semi-structured interviews will be on an encrypted USB as 
per university guidance, and kept in a locked place at my home at 
Cairo. The recordings will be transferred to a password protected 
computer and in a locked place at my home in Cairo before 
transcription. After transcription, the recordings will be retained and 
the transcription will be kept on a password protected computer. To 
transport data from Cairo to UK a backup on an encrypted USB will 
be used. The backup copy will be deleted once the data will be 
transferred to my password protected computer at Keele University. 
The researcher will translate and transcribe the interviews and all 
the attached document (information sheet, invitation letter, consent 








SECTION G - Storage, access to, management of, and disposal of data 
G1 
 












                                                                                                                                        
Yes   ☐      No ☒ 
 
Will the research involve the linking or sharing of data or confidential information 
beyond the initial consent given? 
                                                                                                                                        
Yes   ☐      No ☒ 
 
For all applications, describe the research data that will be stored; where it will be 
stored and for how long; the measures that will be put in place to ensure the security 
of data; who will have access to the data; long term data management plans following 
completion of the project; and how/when data will be disposed of. 
 
The recordings of the semi-structured interviews will be on an 
encrypted USB as per university guidance, and kept in a locked place 
at my home at Cairo. The recordings will be transferred to a password 
protected computer and in a locked place at my home in Cairo before 
transcription. After transcription, the recordings will be retained and the 
transcription will be kept on a password protected computer. To 
transport data from Cairo to UK a backup on an encrypted USB will be 
used. The backup copy will be deleted once the data will be transferred 
to my password protected computer at Keele University. Consent forms 
(signed hard copy) will be kept locked at my home at Cairo and I will 
keep soft copy on an encrypted USB. Then I will keep the hard copies 
in my locked chest of drawers at Keele University and transfer the soft 




If you are accessing or storing research material that is considered to security sensitive you will 
need to register your project with University.  More information about security sensitive 





















Are there any other ethical issues that may be raised by the research?                        
Yes   ☐      No ☒ 
 




Is there any aspect of the research that could potentially have a negative effect on 
the reputation of the University (such as receiving controversial sources of funding, 
engaging with issues that may cause offence to groups or individuals, or engaging in 
areas that might be misconstrued as endorsing illegal practices, etc)?                                                                                                               
Yes   ☐      No ☒ 
 
If yes, please give details: 
 
                                                                                                  
                                                                                                      
 
 






















Does the project require researcher(s) to have a Disclosure and Barring Service  
(DBS) check?                                                                                                                 
Yes   ☐      No ☒ 
 
If yes, have you attached a confirmation of satisfactory DBS check memo?                
Yes   ☐      No ☒ 
 
 
Does the project require National Offender Management Service (NOMS)  
approval?                                                                                                                       
Yes   ☐      No ☒ 
 
 
Does the project require Health Research Authority (HRA) Approval?                         
Yes   ☐      No ☒ 
 
 
Does the project require approval from another organisation?                                      
Yes   ☐      No ☒ 
 
 
SECTION J - Checklist 
J1 Please list the documents attached to this application 
 Document Version number Date  
 Information Sheet  No. 2 19/12/2017 
 Consent Form No. 2 19/12/2017 
 Consent Form (for the use of quotes) No. 2 19/12/2017 
 Invitation Letter No. 2 19/12/2017 
 Semi-structured Interview Questions: 
Cairo Governorate 
Public Authority of Cleaning and Beautification of 
Cairo 
(Department of Waste Collection) 
No. 2 19/12/2017 
 Semi-structured Interview Questions: 
Cairo Governorate 
(Department of Environmental Affairs) 
No. 2 19/12/2017 
 Semi-structured Interview Questions:  
Egyptian Environment Affairs Agency 
(Department of Climate Change) 
No. 2 19/12/2017 
 Semi-structured Interview Questions: 
NREA (New and Renewable Energy Authority) 
No. 2 19/12/2017 
 Semi-structured Interview Questions: 
Ministry of Environment 
(Technical Office) 
No. 2 19/12/2017 
 Semi-structured Interview Questions: 
The Ministry of Electricity and Renewable 
Energy 
(Department of Technical Planning) 




SECTION K – Declarations 
 
K1 In preparing this application did you access the on-line Research Governance Tool 
Kit for information? (https://www.keele.ac.uk/researchsupport/researchtoolkit/)                                              
Yes   ☒      No ☐ 
K2 Declaration by researcher 
 
I confirm that:- 
• The form is accurate to the best of my knowledge 
• I will abide by the University’s ethical requirements 
• I will inform the panel of any changes to the project 
• I am aware of my responsibility to be up to date and comply with the 
requirements of the law and any relevant professional guidelines 
 
 Researcher name (in capitals)  Yesmeen Khalifa 
 
Researcher signature         
 Date                                               7/11/2017 
 
 
K3 Declaration by supervisor (PGR applications only) 
 
I confirm that:- 
• The application has been appropriately peer reviewed  
• I have read the application and am happy for it to proceed for ethical review 
• The application is accurate to the best of my knowledge 
• The project will comply with the University’s ethical requirements 
• The applicant will inform the panel of any changes to the project 
• I am aware of my responsibility to ensure that the applicant is familiar with 
and complies with the requirements of the law and any relevant professional 
guidelines 
 
 Supervisor name (in capitals)       Dr. Sharon George 
 
Supervisor signature    
 Date                                                    7/11/2017 
 
 
K4 Declaration by Faculty Research Office/Research Institute Director, 
Centre/Theme Head, or Head of School (Staff applications only) 
 
I confirm that:- 
• The application has been appropriately peer reviewed  
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• I have read the application and am happy for it to proceed for 
ethical review 
• The form is accurate to the best of my knowledge 
• The project will comply with the University’s ethical requirements 
• The applicant will inform the panel of any changes to the project 
• I am aware of my responsibility to ensure that the applicant is 
familiar with and complies with the requirements of the law and 
any relevant professional guidelines 
 
 Name (in capitals) 
 Post 
 Signature 
 Date  
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Appendix 12  
Sources of secondary data for Chapters 4, 5, 6 and 7 
Chapter  Sources of secondary data 
Chapter 4 Sources of secondary data for Layer 1:   
The population and economy data were collected from 
the following official statistics and reports:  
§ United Nations Development Programme (UNDP), 
Egypt Human Development Report 2003. (UNDP, 
2003)  
§ United Nations, World Urbanization Prospects, the 
2001 Revision. (United Nations, 2002)  
§ United Nations, World Urbanization Prospects, the 
2014 Revision. (United Nations, 2014)  
§ Central Agency for Public Mobilization and Statistics, 
Statistical Yearbook, Population 2016 and 2018 
(CAPMAS, 2018d; CAPMAS, 2016c). 
§ Central Agency for Public Mobilization and Statistics, 
Egypt in Figures 2002, 2006, 2007, 2009, 2011 and 
2012. (CAPMAS, 2012b; CAPMAS, 2011a; CAPMAS, 
2009; CAPMAS, 2007a; CAPMAS, 2006a; CAPMAS, 
2003a).  
§ For the GDP per capita (US $) and the total GDP (US 
$): this data was obtained from the World Bank 
website (The World Bank, 2019b). 
§ The total GDP (Egyptian pounds) was available at the 
website of the Ministry of Planning Monitoring and 
Administrative Reform, (MPMAR, 2019). 
§ The unemployment rates for each Governorate and 
Egypt were obtained from the Central Agency for 
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Public Mobilization and Statistics, Statistical Yearbook 
2016 and 2018 (CAPMAS, 2018d; CAPMAS, 2016c). 
Sources of secondary data for Layer 2:  
The biophysical characteristics of Cairo Governorate, 
Giza, Qalyubia and Egypt were collected from the 
following official statistics and reports:  
§ Land area (sq. kilometres): of Egypt, Cairo, Giza and 
Qalyubia data was obtained from the Central Agency 
for Public Mobilization and Statistics, Egypt Statistical 
Yearbook 2018 and the land area of Greater Cairo 
Region was obtained from the General Organization 
for Physical Planning, Strategic Development of 
Greater Cairo Region 2012 report (CAPMAS, 2018d; 
GOPP, 2012). 
§ Inhabited area (sq. kilometres): of Egypt, Cairo, Giza 
and Qalyubia data was obtained from the Central 
Agency for Public Mobilization and Statistics, Egypt 
Statistical Yearbook 2018 (CAPMAS, 2018d). 
§ Percentages of the inhabited area to the total area: for 
Egypt, Cairo, Giza and Qalyubia data was obtained 
from the Central Agency for Public Mobilization and 
Statistics, Egypt Statistical Yearbook 2018 (CAPMAS, 
2018d). 
§ Inhabited density (population/sq.kilometres): of Egypt, 
Cairo, Giza and Qalyubia was obtained from: 
1. Year 2003: Central Agency for Public Mobilization 
and Statistics, Egypt in Figures 2002 (CAPMAS, 
2003a).  
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2. Year 2011: Central Agency for Public Mobilization 
and Statistics, Egypt in Figures 2012 (CAPMAS, 
2012b). 
3. Year 2015: Central Agency for Public Mobilization 
and Statistics, Egypt Statistical Yearbook 2016 
(CAPMAS, 2016a).  
4. Year 2017: Central Agency for Public Mobilization 
and Statistics, Egypt Statistical Yearbook 2018 
(CAPMAS, 2018d). 
§ Population of Cairo, Giza and Qalyubia residing within 
the Greater Cairo Region: this data was available in 
one report from the General Organization for Physical 
Planning, Strategic Development of Greater Cairo 
Region, 2012 report and it was not updated since 2012 
(GOPP, 2012). 
§ Area of Cairo, Giza, and Qalyubia within the 
boundaries of Greater Cairo Region: this data was 
available in one report from the General Organization 
for Physical Planning, Strategic Development of 
Greater Cairo Region, 2012 report and it was not 
updated since 2012 (GOPP, 2012).  
§ The share of each Governorate (Cairo, Giza and 
Qalyubia) to the total area of Greater Cairo Region: 
this data was obtained from the General Organization 
for Physical Planning, Strategic Development of 
Greater Cairo Region 2012 report (GOPP, 2012). 
§ The percentage of the share of Cairo, Giza, and 
Qalyubia within the Greater Cairo Region to the total 
area of each Governorate: Central Agency for Public 
Mobilization and Statistics, Egypt Statistical Yearbook 
2016 report and the General Organization for Physical 
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Planning, Strategic Development of Greater Cairo 
Region, 2012 report. I calculated the percentage of the 
area of each Governorate within GCR boundaries to 
the total area of each Governorate (CAPMAS, 2016a; 
GOPP, 2012). 
§ The total number of residential, commercial, and 
institutional industrial buildings: this data was not 
available for the required years (2001 to 2016) it was 
available for 2006 and 2017 only. The original multi-
indicator set gathered the information for the building 
gross floor areas of all levels, which was not available 
so the number of buildings in each Governorate and 
Egypt was gathered as an alternative. The data was 
obtained from the Central Agency for Public 
Mobilization and Statistics, Tables of the most 
important characteristics and indicators of the General 
Census of Population, Housing, and Establishments 
2017 and the results for the General Census of 
Population, Housing, and Establishments 2017 
(CAPMAS, 2017d; CAPMAS, 2017f). 
§ The total number of residential units: this data was 
available only in the Central Agency for Public 
Mobilization and Statistics recent report, the results for 
the General Census of Population, Housing, and 
Establishments 2017. It was not available in the 
previous reports (CAPMAS, 2017d). 
§ Climate:  
1. Heating degree-days (HDD) and cooling degree-
days (CDD); data was obtained from 
(http://www.degreedays.net). This website was 
used by (Kennedy et al., 2015). It provides the 
heating degree-days (HDD) and cooling degree-
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days (CDD) according to the selected location. I 
chose the same location (Cairo International 
airport) for Cairo, Giza and Qalyubia, it was the 
nearest available station for all Governorates. 
2. Annual precipitation (mm) and rainfall; for Cairo 
Governorate and Egypt was obtained from Abdel-
Shafy et al. (2010) and The World Bank (2019a).  
3. Annual solar radiation; data for Egypt, Cairo, Giza 
and Qalyubia was obtained from the Global Solar 
Atlas (The World Bank Group, 2016b).  
4. Wind speed; data for Egypt, Cairo, Giza and 
Qalyubia was obtained from the Global Wind Atlas 
(The World Bank Group, 2018).  
Chapter 5 Sources of secondary data for the Layer (3-1) 
The energy and electricity data were collected from the 
following official statistics and reports: 
§ The data of the primary energy production and 
consumption of Egypt was obtained from the Central 
Agency for Public Mobilization and Statistics, the 
Energy Balance 2013-2014 report, 2014-2015 report 
and 2015-2016 report (CAPMAS, 2017c; CAPMAS, 
2015a; CAPMAS, 2014b). The energy balance reports 
were unavailable for previous years. The data of the 
primary energy production and consumption for each 
governorate is not available in these reports.  
§ The Central Agency for Public Mobilization and 
Statistics publishes an annual Energy and Electricity 
report that includes the primary energy production and 
consumption for Egypt and each governorate. All the 
reports are available since 1999 to 2016. The use of 
these reports is limited in this study because: 
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1. the primary energy consumption of some 
governorates is added together such as the natural 
gas consumption of Cairo and Giza Governorates 
are added together that made it difficult to quantify 
the consumption of each governorate on its own, 
2. the methods of data collection are different from the 
Energy Balance reports (mentioned above),  
3. in some cases, the quality of the reports was poor, 
so they were unreadable, 
4. and the Energy Balance reports that are recently 
published are more reliable than the Energy and 
Electricity reports because the methods of data 
collection are consistent in the three reports (2013-
2014, 2014-2015 and 2015-2016) (CAPMAS, 
2017c; CAPMAS, 2015a; CAPMAS, 2014b) and the 
quality of the reports are better than the Energy and 
Electricity reports. However, the Energy Balance 
reports do not include the data of the primary 
energy production and consumption of each 
governorate. 
§ The renewable energy production from 2002-2003 to 
2015-2016 is obtained from the following reports:  
1. Egyptian Electricity Utility and Consumer Protection 
Regulatory Agency, the Annual Report of the 
Electricity Consumption Indicators for the Economic 
Activities 2010-2011 (EgyptERA, 2012). 
2. The Central Agency for Public Mobilization and 
Statistics, The Future of Energy in Egypt 2014 
report (CAPMAS, 2014c). 
3. The Central Agency for Public Mobilization and 
Statistics, Energy Balance report 2013-2014 
(CAPMAS, 2014b). 
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4. Egyptian Electricity Utility and Consumer Protection 
Regulatory Agency, the Annual Report of the 
Electricity Consumption Indicators for the Economic 
Activities 2015-2016 (EgyptERA, 2017).   
§ Percentages of households according to the type of 
fuel used in cooking: the number of households 
according to the fuel used in cooking for each 
governorate and the total of Egypt was available for 
the first time in the Central Agency for Public 
Mobilization and Statistics, Egypt Census 2017 report. 
The percentages of households according to the type 
of fuel used in cooking is calculated and presented 
(CAPMAS, 2017d). 
§ Energy consumption and CO2 emissions by sector 
(percentages) of Egypt: this data was available from 
(2009-2010 to 2016-2017) in the following official 
reports:  
1. Central Agency for Public Mobilization and 
Statistics, Egypt in Figures, 2011 report (CAPMAS, 
2011a). 
2. Central Agency for Public Mobilization and 
Statistics, Egypt in Figures, 2012 report (CAPMAS, 
2012b). 
3. Central Agency for Public Mobilization and 
Statistics, Statistical Yearbook - Environment 2014 
(CAPMAS, 2014d). 
4. Central Agency for Public Mobilization and 
Statistics, Egypt in Figures 2018 report and the 
Statistical Yearbook- Environment 2015 (CAPMAS, 
2018c; CAPMAS 2015b).   
§ Central Agency for Public Mobilization and Statistics, 
Environment Statistical Yearbook 2016 (CAPMAS, 
2016c).  
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§ The energy consumption of Cairo, Giza and Qalyuibia 
Governorates by sector in 2015-2016 is obtained from 
the Central Agency for Public Mobilization and 
Statistics, Energy and Electricity report 2015-2016 
(CAPMAS, 2017c). 
§ The electricity production mix (renewable and non-
renewable energy resources) of Egypt from 2002-2003 
to 2015-2016 is obtained from the following official 
reports:  
1. The Central Agency for Public Mobilization and 
Statistics, The Future of Energy in Egypt 2014 
report (CAPMAS, 2014c). 
2. The Central Agency for Public Mobilization 
Statistics, the Energy Balance report 2013- 2014 
(CAPMAS, 2014b). 
3. Egyptian Electricity Utility and Consumer Protection 
Regulatory Agency, the Annual Report of the 
Electricity Consumption Indicators for the Economic 
Activities 2010-2011 (EgyptERA, 2012). 
4. The Central Agency for Public Mobilization and 
Statistics, Electricity and Energy annual report 
2014-2015 (CAPMAS, 2016b). 
§ Egyptian Electricity Utility and Consumer Protection 
Regulatory Agency, the Annual Report of the 
Electricity Consumption Indicators for the Economic 
Activities 2015-2016 (EgyptERA, 2017).  
§ The electricity production mix of Cairo, Giza and 
Qalyubia Governorates includes non-renewable 
energy resources only and there is no evidence for the 
use of renewable energy resources in the three 
governorates. (All the Electricity and Energy reports 
from 1999-2000 to 2015-2016). 
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§ The percentages of electricity sources of Egypt from 
2002-2003 to 2015-2016, this data is calculated from 
the electricity production mix of Egypt. 
§ The total electricity consumption of Cairo, Giza and 
Qalyubia Governorates and Egypt from 1999-2000 to 
2015-2016 this data was available in the following 
reports:  
1. The Central Agency for Public Mobilization and 
Statistics, the Electricity and Energy annual report 
1999-2000 (CAPMAS, 2001). 
2. The Central Agency for Public Mobilization and 
Statistics, the Electricity and Energy annual report 
2001-2002 (CAPMAS, 2003b). 
3. The Central Agency for Public Mobilization and 
Statistics, the Electricity and Energy annual report 
2005-2006 (CAPMAS, 2007b). 
4. The Central Agency for Public Mobilization and 
Statistics, the Electricity and Energy 2009- 2010 
annual report (CAPMAS, 2011b). 
5. Central Agency for Public Mobilization and 
Statistics, the Electricity and Energy annual report 
2011-2012 (CAPMAS, 2013a). 
6. Central Agency for Public Mobilization and 
Statistics, the Electricity and Energy 2014-2015 
annual report (CAPMAS, 2016b). 
7. Central Agency for Public Mobilization and 
Statistics, the Electricity and Energy 2015-2016 
annual report (CAPMAS, 2017c). 
8. Egyptian Electricity Utility and Consumer Protection 
Regulatory Agency, the annual report of the 
Electricity Consumption Indicators for the Economic 
Activities 2015-2016 (EgyptERA, 2017).  
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§ The data of the electrical line losses (the line losses 
include the losses of the grid, the non-revenue losses 
and the self-consumption of the power plants) of Egypt 
from 2005-2006 to 2015-2016 is obtained from the 
following reports:  
1. Central Agency for Public Mobilization and 
Statistics, Electricity and Energy annual report 
2005-2006 (CAPMAS, 2007b). 
2. Egyptian Electricity Utility and Consumer Protection 
Regulatory Agency, the annual report of the 
Electricity Consumption Indicators for the Economic 
Activities 2010-2011 (EgyptERA, 2012).  
3. Egyptian Electricity Utility and Consumer Protection 
Regulatory Agency, the annual report of the 
Electricity Consumption Indicators for the Economic 
Activities 2012-2013 (EgyptERA, 2014). 
4. Egyptian Electricity Utility and Consumer Protection 
Regulatory Agency, the annual report of the 
Electricity Consumption Indicators for the Economic 
Activities 2015-2016 (EgyptERA, 2017). 
§ The data of the electricity consumption by sector 
(percentages) of Cairo, Giza and Qalyubia 
Governorates from 1999-2000 to 2014-2015 and 
Egypt from 1999-2000 to 2016 is obtained from the 
following official reports: 
1. Central Agency for Public Mobilization and 
Statistics, Electricity and Energy annual report 
1999-2000 (CAPMAS, 2001).  
2. Central Agency for Public Mobilization and 
Statistics, Electricity and Energy 2001-2002 
annual report (CAPMAS, 2003b). 
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3. Central Agency for Public Mobilization and 
Statistics, Electricity and Energy 2005-2006 
annual report (CAPMAS, 2007b). 
4. Central Agency for Public Mobilization and 
Statistics, Electricity and Energy 2009- 2010 
annual report (CAPMAS, 2011b). 
5. Central Agency for Public Mobilization and 
Statistics, Electricity and Energy annual report 
2010- 2011 (CAPMAS, 2012c). 
6. Egyptian Electricity Utility and Consumer 
Protection Regulatory Agency, the annual report 
of the Electricity Consumption Indicators for the 
Economic Activities 2010-2011 (EgyptERA, 2012). 
7. Central Agency for Public Mobilization and 
Statistics, Electricity and Energy 2011-2012 
annual report (CAPMAS, 2013a). 
8. Central Agency for Public Mobilization and 
Statistics, the Future of Energy in Egypt 2014 
report (CAPMAS, 2014c). 
9. Central Agency for Public Mobilization and 
Statistics, Electricity and Energy annual report 
2014- 2015 (CAPMAS, 2016b). 
§ Central Agency for Public Mobilization and Statistics, 
Energy Balance report 2015-2016 (CAPMAS, 2017c). 
§ The percentages of households without grid electricity 
connection was obtained from the Central Agency for 
Public Mobilization and Statistics, Egypt Census 2017 
report and tables of the most Important Characteristics 
and Indicators of the General Census of Population, 
Housing and Establishments 2017 report. First, I 
calculated the percentages of direct access to 
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electricity public network, and then I calculated the 
percentages without direct access. 
Chapter 6 Sources of secondary data for the Layer (3-2) 
The water and wastewater data were collected from the 
following official statistics and reports: 
§ The data of the water resources of Egypt and 
quantities (billion cubic metres/year) from 2006-2007 
to 2014-2015 was obtained from the Central Agency 
for Public Mobilization and Statistics, Egypt in Figures 
2011 report and Egypt in Figures 2018 report 
(CAPMAS, 2018c; CAPMAS, 2011a).  
§ The percentages of water resources in Egypt from 
2006-2007 and 2014-2015 were calculated. 
§ The percentages of water consumption in Egypt by 
sector from 2006-2007 to 2015-2016 were obtained 
from the from the Central Agency for Public 
Mobilization and Statistics, Egypt in Figures 2011 
report and Egypt in Figures 2018 report (CAPMAS, 
2018c; CAPMAS, 2011a). 
§ The data of the drinking water production (surface and 
groundwater) of Egypt and Cairo, Giza and Qalyubia 
Governorates from 2012-2013 to 2016-2017 was 
obtained from the Central Agency for Pubic 
Mobilization and Statistics, the Annual Bulletin for the 
Purification, Distribution and Selling Drinking Water 
2012-2013 report, the Annual Bulletin of Drinking 
Water and Sanitation Statistics 2015-2016 report and 
the Annual Bulletin of Pure Water and Sanitation 
Statistics 2016-2017 (CAPMAS, 2018b; CAPMAS, 
2017a; CAPMAS, 2014a). 
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§ The percentages of drinking water production (surface 
and groundwater) of Egypt in 2012-2013 and 2016-
2017 were calculated. 
§ The percentages of surface water and groundwater 
production of Cairo, Giza and Qalyubia Governorates 
and the rest of Egypt in 2012-2013 and 2016-2017 
were calculated. 
§ The drinking water production, consumption and 
losses of Egypt from 2001-2002 to 2015-2016 
(CAPMAS, 2018b; CAPMAS, 2017a; CAPMAS, 
2014a; CAPMAS, 2012a; CAPMAS, 2010; CAPMAS, 
2008c; CAPMAS, 2007c; CAPMAS, 2006b; CAPMAS, 
2004b; CAPMAS, 2003c).  
§ Drinking water production, consumption and losses of 
Cairo, Giza and Qalyubia Governorates from 2002-
2003 to 2015-2016 (CAPMAS, 2018b; CAPMAS, 
2017a; CAPMAS, 2014a; CAPMAS, 2012a; 
CAPMAS, 2010; CAPMAS, 2008c; CAPMAS, 2007c; 
CAPMAS, 2006b; CAPMAS, 2004b; CAPMAS, 
2003c).  
§ Drinking water consumption of Cairo, Giza and 
Qalyubia Governorates and the rest of Egypt from 
2002-2003 to 2015-2016 were calculated. 
§ Percentages of drinking water consumption of Cairo, 
Giza and Qalyubia Governorates and the rest of Egypt 
in 2002-2003 and 2015-2016 were calculated. 
§ Drinking water losses (million cubic metres) of Cairo, 
Giza and Qalyubia Governorates and the rest of Egypt 
from 2002-2003 to 2015-2016 (CAPMAS, 2018b; 
CAPMAS, 2017a; CAPMAS, 2014a; CAPMAS, 
2012a; CAPMAS, 2010; CAPMAS, 2008c; CAPMAS, 
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2007c; CAPMAS, 2006b; CAPMAS, 2004b; CAPMAS, 
2003c).  
§ Percentages of drinking water losses of Cairo, Giza 
and Qalyubia Governorates in 2002-2003 and 2015-
2016 were calculated. 
§  Percentages of the drinking water losses (of the 
production) of Egypt, Cairo, Giza and Qalyubia 
Governorates from 2002-2003 to 2015-2016 were 
calculated. 
§ The percentages of households without direct access 
to water and without direct access to drinkable water 
in 2017 was obtained from the Central Agency for 
Public Mobilization and Statistics, Egypt Census 2017 
report and Tables of the Most Important 
Characteristics and Indicators of the General Census 
of Population, Housing and Establishments 2017 
report. First, I calculated the percentages of direct 
access to water and drinkable water, and then I 
calculated the percentages without direct access. 
§ Total production and untreated wastewater of Egypt, 
Cairo, Giza and Qalyubia Governorates in 2011. 
(AbuZeid and Elrawady, 2014)  
§ Percentages of wastewater production of Cairo, Giza 
and Qalyubia Governorates compared to the rest of 
Egypt in 2011 were calculated. 
§ Percentages of wastewater treatment (primary, 
secondary and tertiary treatment, and untreated 
wastewater) in Egypt, Cairo, Giza and Qalyubia 
Governorates in 2011. (AbuZeid and Elrawady, 2014)  
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§ Total wastewater production and percentages of 
untreated wastewater for Egypt, Cairo, Giza and 
Qalyubia Governorates in 2011 were calculated. 
§ The percentages of households without sanitation 
services in 2017 was obtained from the Central 
Agency for Public Mobilization and Statistics, Egypt 
Census 2017 report and Tables of the Most Important 
Characteristics and Indicators of the General Census 
of Population, Housing and Establishments 2017 
report. First, I calculated the percentages of direct 
access to sanitation, and then I calculated the 
percentages without direct access (CAPMAS, 2017d; 
CAPMAS, 2017f). 
Chapter 7 Sources of secondary data for the Layer (3-3) 
The solid waste data was collected from the following 
official statistics and reports:  
§ The total collected solid waste, composition and 
percentages of organic waste in 2010 was obtained 
from the Central Agency for Public Mobilization and 
Statistics, Egypt in Figures 2012 report (CAPMAS, 
2012b). 
§ The total collected solid waste of Egypt, Cairo, Giza 
and Qalyubia Governorates based on the entity that 
collected and disposed it from 2006 to 2016 was 
obtained from Central Agency for Public Mobilization 
and Statistics, Public Utility 2006, 2012, 2016 and 
2017 reports (CAPMAS, 2018a; CAPMAS, 2017e; 
CAPMAS, 2013b; CAPMAS, 2008b). 
§ The total generated municipal solid waste of Egypt 
from 2001 to 2012, this data was obtained from the 
Annual Report for Solid Waste Management in Egypt, 
2013 (Zaki et al., 2013) and the Country Report on the 
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Solid Waste Management in Egypt 2014 (SWEEP-Net, 
2014).  
§ The daily generated solid waste of Egypt, Cairo, Giza 
and Qalyubia Governorates in 2012, this data was 
obtained from the Annual Report for Solid Waste 
Management in Egypt, 2013 (Zaki et al., 2013) and the 
Country Report on the Solid Waste Management in 
Egypt 2014 (SWEEP-Net, 2014).  
§ Percentages of the daily generated solid waste of 
Cairo, Giza and Qalyubia Governorates compared to 
the rest of Egypt in 2012 were calculated based on the 
available data. 
§ Municipal solid waste composition of Egypt in 2012 
was obtained from the Country Report on Solid Waste 
Management in Egypt 2014 (SWEEP-Net, 2014) and 
(Hoornweg and Bhada-Tata, 2012). 
§ Percentages of waste collection coverage of Egypt, 
Cairo, Giza and Qalyubia Governorates in 2012, this 
data was obtained from the Country Report on Solid 
Waste Management in Egypt 2014. (SWEEP-Net, 
2014)  
§ Percentages of households without waste collection 
coverage in 2017 was obtained from the Central 
Agency for Public Mobilization and Statistics, Egypt 
Census 2017 report (CAPMAS, 2017d). 
 
 
